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Many amphibian species across the globe are at high risk of extinction. Alien species, over-
exploitation, land-use change, climate change, chemicals, and infectious diseases are all 
having devastating effects on amphibians. Land-use changes, in particular, are responsible for 
the declines of many frog species in Australia. However, the Australian frog Litoria raniformis 
was introduced to New Zealand over 150 years ago and has subsequently colonised the 
country. This success in a foreign country contrasts the Endangered status of L. raniformis in 
Australia, but it presents unique opportunities for research and management in New Zealand, 
which can aid in the conservation of the species in Australia. The overarching goal of this 
research was to investigate whether L. raniformis in Central Otago, New Zealand have 
experienced any changes in habitat occupancy or morphology since their move from Australia. 
I used two groups of L. raniformis in this comparison including populations in Victoria, 
Australia and populations in Central Otago, New Zealand. 
The first aim of this research was to investigate which habitat features determine occupancy 
of L. raniformis and how habitat differs in Central Otago compared to Victoria. Answering 
this question required examining occupancy patterns of L. raniformis, and the availability of 
habitat features. This aim was achieved by conducting habitat assessments on sites in Central 
Otago and comparing them to habitat assessments already done in Victoria using the same 
methods. New Zealand and Australia are very different countries regarding both biotic and 
abiotic features, thus we would expect to see differences in the indigenous and introduced 
range of L. raniformis. However, amphibians are particularly susceptible to habitat alterations 
and the presence of habitat features similar to those in the native range has been found to 
support introduced species. Although, some species have been found to thrive when 
introduced to sites containing novel habitat features. Therefore, I predicted that similar habitat 
features across Central Otago and Victoria would predict occupancy of sites; but I also 
predicted that some difference in sites might be contributing to the abundant population of L. 
raniformis in New Zealand. There was a trend that L. raniformis preferentially occupied sites 
that had a higher percentage cover of submerged vegetation over those with low to no cover, 
in both Central Otago and Victoria. Additionally, Central Otago had significantly more 
submerged vegetation than Victoria. This finding may contribute to the relative success of L. 
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raniformis in New Zealand compared to Australia. Submerged vegetation is an important 
habitat feature for L. raniformis reproduction; a higher percentage of submerged vegetation in 
ponds may enhance breeding success.  
The second aim of this study was to investigate whether any shifts in body size had occurred 
in Central Otago L. raniformis compared to those in Victoria. Answering this question required 
populations of Central Otago L. raniformis to be weighed and measured, and then compared 
to the same data already collected in Australia.  Litoria raniformis has been in New Zealand 
for over 150 years and may have experienced changes in morphology in order to adapt to New 
Zealand’s conditions. Furthermore, Central Otago reaches lower minimum temperatures than 
Victoria and is on average cooler. According to Bergmann’s Rule, this would suggest that L. 
raniformis may be larger in Central Otago than in Victoria as a larger body size is more 
efficient at maintaining heat due to the increased body size: surface ratio. Moreover, insular 
shifts are known to affect morphology through changes in biotic interactions, of which there 
would be many in the move from Australia to New Zealand. Therefore, I predicted that L. 
raniformis in Central Otago would be on average larger than conspecifics in Victoria. This 
prediction was incorrect as female L. raniformis in New Zealand were smaller, while males 
were very similarly sized. Competition, food availability, predation, or differing growth 
periods may have contributed to this effect. However, this requires further research. 
The present study demonstrated that L. raniformis in New Zealand exhibit slight differences 
in site occupancy and morphology. This study has also provided a start to utilising the 
populations of L. raniformis in New Zealand for research and management techniques that can 
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Chapter one: General Introduction 
1.1 Background 
1.1.1 Worldwide frog declines 
Disturbing reports of declining amphibian populations have been present since the 1950s 
(Houlahan et al., 2000; Bishop et al., 2012). However, it was not until 1989 at the First World 
Congress of Herpetology that awareness of amphibian declines became known on a broader 
scale (Stuart et al. 2004). Research has since been conducted to learn more about the causes, 
but there has been little success in mitigating this global phenomenon (Stuart et al. 2004; 
Bishop et al. 2012). Presently, at least 40% of amphibian species are considered threatened by 
the IUCN, a higher proportion than either birds or mammals (14% and 25%, respectively: 
IUCN, 2019).  
If not for a moral obligation that humans possess to protect threatened species, there are many 
reasons why amphibians should be a higher priority in conservation than they currently are. 
Several such reasons are outlined below: 
• Amphibians are vital in the maintenance of ecosystem stability and resilience. Their 
unique relationship with both terrestrial and aquatic habitats makes them important 
nutrient cyclers and regulators of the food web. They are a valuable food source for 
many predators and are utilised as biological control agents against insectivorous pests. 
(West, 2018). 
• Due to their tissue regenerative abilities, large unprotected eggs, and potent 
antimicrobial skin secretions, amphibians are also invaluable to human medical 
research; research which could one day restore sight, mobility, and neurological 
function in humans. (West, 2018). 
• Amphibians are also vital indicators of environmental health. Their skin is semi-
permeable and readily absorbs pollutants (Roy, 2002). Additionally, amphibian 
communities are so sensitive to environmental changes that they are more informative 
than human monitoring devices and chemical analyses (Miller, 2007). Therefore, an 
environment with unnaturally high levels of chemicals or degradation is unlikely to be 
able to support amphibians (Roy, 2002).  




Unfortunately, worldwide declines are precursory indicators of serious threats that impact not 
only amphibians but the environment they and every other creature, including humans inhabit 
(Stuart et al., 2004). Despite these reasons to conserve frogs, a far higher portion of 
conservation funding is directed towards birds and mammals (Trimble & Van Aarde, 2009). 
There are several explanations for the observed declines, including the impacts of alien 
species, over-exploitation, and land-use change. Declines from alien species include the 
effects of predation, competition, hybridisation, and the introduction of pathogens. Over-
exploitation is predominantly due to the demand for frog legs. Land-use change includes 
degradation of habitat, loss of access to habitat, and the partial or complete destruction of 
habitat, all of which can severely impair amphibian survival. The process of land-use changes 
can also result directly in organism fatalities. Due to their long history and less complicated 
nature, these agents of decline are relatively well understood. 
As habitat modification continues, species become more vulnerable to other, less well-
understood threats. Climate change, the widespread use of chemicals in the environment, and 
emerging infectious diseases, such as chytridiomycosis caused by chytrid fungus 
(Batrachochytrium dendrobatidis) are poorly understood. The mechanics of these threats are 
complex and are difficult to research or manage. Climate change, chemical use, and 
chytridiomycosis are present worldwide and are having devastating effects, especially on 
amphibians. These threats require research into their mechanisms and interaction with other 
threats such as alien species, over-exploitation, and land-use change. Moreover, the 
mechanisms of alien species, over-exploitation, and land-use change are known, and focused 
research is necessary to employ appropriate management. Doing so may prevent lesser known 
threats like climate change, chemical use, and disease from having such damaging impacts. 
(Collins & Storfer, 2003).  
 
1.1.2 Australian frog declines 
Australian frogs have experienced population declines due to a range of threats but primarily 
suffer from the effects of habitat change, and chytridiomycosis (Pyke, 2002). Extensive habitat 
loss, degradation, and fragmentation in Australia are severely impacting amphibian numbers 




(Heard et al., 2012). Increasing human development in the agricultural, industrial, and urban 
sectors are the drivers of this habitat change (Heard et al. 2006).  
Hydrological regimes are a critically important part of the life cycle of Australian frogs, but 
they are being altered due to demands from the agricultural, industrial, and urban sectors for 
water (Woodward et al., 2010). In south-east Australia, altered hydrological regimes have 
resulted in low flows during winter and spring to provide water for irrigation in summer 
(Maheshwari et al., 1995). A reduction in flooding activity of main river channels has seen 
wetlands become dry, eliminating valuable ephemeral habitat (Quinn et al., 2000). These 
habitats provide essential services to frog species, such as food and shelter (Lawler, 2001). 
They also act to facilitate dispersal of frogs, allowing temporary movement between wetland 
patches (Wassens et al., 2008) and allowing individuals to access resources created by newly 
formed wetlands after seasonal rainfall (Wassens et al., 2007). During drought conditions, 
when wetlands become less spatially frequent, frogs are at risk of desiccation if they attempt 
to move between wetland patches, rather than be carried by floodwaters (Wassens et al., 2008). 
However, frogs that do not disperse do not receive as many foraging or breeding opportunities, 
lowering their overall fitness (Wassens et al., 2008).  
Lack of habitat connectivity means that even frogs that were common and widespread such as 
the green and golden bell frog (Litoria aurea), and the southern bell frog (Litoria raniformis) 
have experienced massive population declines (Hazell, 2003). Drought conditions also restrict 
frogs to permanent water bodies (Hazell, 2003), but permanent water bodies are susceptible to 
the effects of drought (Clemann et al., 2013). Even if complete drying-out does not occur, 
there are still many adverse effects on fauna and flora; such as increased temperatures, 
increased salinity, stratification, and decreased oxygen levels (Clemann et al., 2013). Increased 
nutrients can also increase the likelihood of toxic algal blooms (Ha et al., 1999). The 
combination of these stressors can push populations over a survivable tipping point (Clemann 
et al., 2013).  
Animal agriculture has a significant impact on frog habitat, including intense livestock grazing 
around occupied streams and ponds (Clemann & Gillispies, 2012). Grazing eliminates 
surrounding vegetation used as movement corridors and compacts soil which is used as a 
shelter. This type of habitat alteration makes frogs more susceptible to predation and 




desiccation. Stock grazing also exacerbates pollution, which frogs are susceptible to due to 
their semi-permeable skin (Clemann & Gillespie, 2012).  
1.1.3 Anuran Introductions to New Zealand 
New Zealand is currently home to seven species of frogs, both native and non-native. The 
native species include four frogs, Archey’s frog (Leiopelma archeyi), Hamilton’s frog 
(Leiopelma hamiltoni), Hochstetter’s frog (Leiopelma hochstetteri), and the Maud Island frog 
(Leiopelma pakeka). However, recent research suggests that L. hamiltoni and L. pakeka are 
not genetically differentiated enough to be considered separate species and should be known 
as L. hamiltoni (Easton 2017). The current IUCN red list conservation status of these native 
frogs is Critically Endangered for L. archeyi, Vulnerable for L. hamiltoni and L. pakeka, and 
Least Concern for L. hochstetteri (IUCN, 2019). Under the New Zealand threat classification 
system L. archeyi and L. hochstetteri are classified as At Risk - Declining, and L. hamiltoni is 
classified as Threatened – Nationally Vulnerable (Burns et al., 2018). Additionally, there are 
three species of introduced Australian frog in New Zealand: the southern bell frog or growling 
grass frog (Litoria raniformis), the green and golden bell frog (Litoria aurea), and the brown 
tree frog or whistling tree frog (Litoria ewingii). Their New Zealand Threat Classification 
status in New Zealand is Introduced and Naturalised (Burns et al., 2018). However, in 
Australia, Litoria raniformis is Endangered, Litoria aurea is Vulnerable, and Litoria ewingii 
is Least Concern (IUCN, 2019).  
The three Litoria species were successfully introduced to New Zealand during the mid to late 
1800s, primarily as a means for mosquito control (Thomson, 1922). Thomson (1922) 
however, only refers to Hyla aurea as Litoria raniformis had not yet been formally 
recognised. It was not until 1972 that Bell made a note of the occurrence of both taxa, and 
then in 1975 when a revision was made by Courtice and Griggs (1975), L. aurea and L. 
raniformis were subsequently recognised as different species. This recognition was aided by 
depictions of the two species in Robb (1980) and by descriptions of the name changes in 
Bell (1983). 
 
The Australian frogs L. ewingii and L. raniformis have become widespread throughout both 
North and South Island. Litoria aurea appears confined in New Zealand to the warmer upper 




half of North Island (Figure 1.1.), despite several attempts at South Island introductions 
(Thomson, 1922; Bishop, 2008). Overall, the bell frogs L. aurea and L. raniformis have thrived 
in New Zealand compared to Australia (Bishop, 2008). They have developed large stable 
populations and have only experienced a few outbreaks of chytridiomycosis in the early 2000s 
(Bishop, 2000; Waldman 2001), which along with habitat loss, has been a leading cause of 
their decline in Australia (Pyke, 2002). 
 
 
Figure 1. 1. New Zealand distribution of Litoria aurea, Litoria ewingii, and Litoria raniformis, respectively. 
Adapted from the New Zealand Government’s Department of Conservation’s “Atlas of the amphibians and 
reptiles of New Zealand”. https://www.doc.govt.nz/our-work/reptiles-and-frogs-distribution/atlas/ 
 
There were concerns that the introduced Litoria species would have negative impacts on native 
fauna, particularly New Zealand’s indigenous frogs. However, there appears to be little cause 
for concern (Bishop, 2008), while the native and introduced frogs are sympatric, they are not 
syntopic. Litoria occurs at low altitudes, and near water such as farm dams and wetlands and 
Leiopelma occurs at high altitudes in native forests and is predominately terrestrial, only L. 
hochstetteri is semi-aquatic (DOC, 2019). The main concern was that Litoria could act as a 
reservoir for amphibian pathogens (Bishop, 2008). They are highly mobile both naturally, and 
through being transported by the public as pets (Pyke, 2002). This high dispersal ability 
increases the chances of them encroaching on Leiopelma habitat (Bishop, 2008). There is no 
evidence of Litoria infecting Leiopelma with chytridiomycosis. However, there is a 
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documented predation event of the closely related L. aurea on a Leiopelma frog (Thurley & 
Bell, 1994). 
Bishop (2008) suggested several reasons why introduced frogs may be of benefit to New 
Zealand. While there are some concerns over introduced frogs negatively impacting native 
frogs, they can aid in the conservation of New Zealand frogs. Of the introduced frogs, the bell 
frogs, L. aurea and L. raniformis are large, brightly coloured, highly vocal, and abundant 
(Pyke, 2002), which stimulates curiosity, especially in younger generations (Magnuson-
Martinson & Page, 1986; Kidd & Kidd, 1995). This interest has likely been a contributing 
factor to the dispersal success of L. raniformis. Children’s fascination in collecting tadpoles, 
and observing their metamorphosis before releasing them – sometimes in a different site – has 
meant that these frogs were able to colonise New Zealand faster than they naturally might 
(Bishop, 2008). Importantly, hands-on encounters with these charismatic amphibians seem to 
leave a fondness for frogs that can last into adulthood (Magnuson-Martinson & Page, 1986; 
Kidd & Kidd, 1995). These kinds of experiences are not possible with New Zealand’s native 
frog species. They are essentially the opposite of the bell frogs – rare, small, cryptically 
coloured, quiet, and very sedentary (DOC, 2019). While it is difficult to stimulate interest 
about a frog that most New Zealanders will never see, the presence of other more charismatic 
species may be enough to encourage a general appreciation for frogs (Bishop, 2008). This 
admiration can only be positive for conservation efforts (Kidd & Kidd, 1995). 
Introduced frogs are only protected under New Zealand legislation when they occur on 
conservation land (Conservation Act, 1987). This limited protection presents a unique 
prospect for conservation. To research introduced frogs in New Zealand, the only regulation 
to meet is animal ethics (Bishop, 2008). Comparatively, in Victoria, Australia, a DELWP 
Wildlife Research Permit is required to do any fieldwork. However, in addition to this, there 
are limitations on removing and transporting L. raniformis. They can be brought into captivity 
but generally cannot be released unless the site is nearby and they are only worked on for a 
short period (e.g. overnight). These regulations are in place due to the fear of introducing 
disease/pathogens back into wild populations. Because of this, the number of animals able to 
be worked with is severely limited (R. Tingley, pers comm). Therefore, in New Zealand, more 
studies can be done to answer the more invasive questions that apply to the conservation of 
the species in Australia (Gibson & Yong, 2017). This scant legal protection also allows 




teachers and conservationists the freedom to use introduced frogs to teach biology to students 
through workshops, displays, and dissections, which again aids in the vital task of increasing 
frog awareness (Bishop, 2008). 
Bishop (2008) also suggested that populations of introduced frogs, such as L. raniformis, may 
not appear to pose any significant detriment to native frogs. Removing populations could do 
more harm than good (e.g. impairing conservation awareness of frogs), removing initiatives 
that use frogs as advocates, as well as reducing teaching and research opportunities. New 
Zealand should utilise the presence of these introduced frogs while maintaining careful 
monitoring of their spatial overlap with native frog habitat, and removing them from these 
areas should the need arise (Bishop, 2008). 
1.2 Study species  
The subject species of this research is the Australian frog Litoria raniformis (Figure 1.2), 
commonly known as the Southern Bell Frog, and Growling Grass Frog (Pyke, 2002). 
However, the genus name of this species has been a contentious issue. There was a 
nomenclatural error in Duellman et al. (2016) based on incorrectly inferred information from 
the International Commission on Zoological Nomenclature. Taxonomic evidence suggests that 
a revision from Litoria raniformis to Ranoidea raniformis is appropriate (Dubois & Frétey, 
2016). The new name is not widely accepted, nor in widespread use, due to an ongoing revision 
of Australian hylids, and so the name Litoria was used throughout this thesis. 
 





Figure 1. 2. A southern bell frog (Litoria raniformis) in New Zealand (Photo courtesy of Jonty Barton) 
 
Litoria raniformis is endemic to south-eastern mainland Australia and Tasmania (Figure 1.3), 
But its native distribution and abundance have been steadily declining since the 1990s (Pyke, 
2002). A paper by Vörös et al. (2008) provides evidence that L. raniformis in New Zealand 
have a genetic structure similar to Australian populations from Southern Victoria. 
Nonetheless, L. raniformis is now an established and widespread species throughout New 
Zealand, and its dispersal has been, and continues to be, heavily influenced by human 
assistance (Pyke, 2002). 
 





Figure 1. 3. Australian distribution of Litoria raniformis. Adapted from the Australian Governments 
Department of the Environment and Energy “Species Profile and Threats 
Database”http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon_id=1828 
 
A combination of initial founder effects and high movement of frogs around the country 
resulted in a genetically homogenised population in New Zealand (Vörös et al., 2008). In 
Australia, populations in Tasmania are genetically distinct, possibly due to isolation since the 
island itself became separated from the mainland 14,000 years ago (Lambeck & Chappell, 
2001; Vörös et al., 2008). Within mainland Australia, there are significantly distinct genetic 
L. raniformis populations (Hale et al. 2013). Habitat fragmentation, typically through 
urbanisation and flooding prevention, has limited the dispersal ability L. raniformis. Physical 
barriers between clusters of wetlands have produced discrete metapopulations (Hale et al., 
2013).  This reduction in genetic diversity has happened relatively rapidly, likely due to high 
generational turnover. Most L. raniformis only reach two to three years of age, with longevity 
in the wild being recorded as 4-5 years (Mann et al. 2010). Overall, the species has a 
reasonably low adult survival rate, but threats in Australia are compounding this low survival 
rate with a lack of dispersal opportunities (Ashworth, 1998).  
There are further differences in population biology and ecology found in L. raniformis within 
Australia (Clemann & Gillespie, 2012). In Australia, two distinct types of breeding behaviour 
are observed. Frogs, located in the northern and western parts of south-eastern Australia, are 
triggered by flooding during spring and summer (Schultz, 2008).  Litoria raniformis in this 
area leave their refugia and disperse across the landscape into breeding sites (Schultz, 2007). 
These populations have a short larval stage potentially only lasting two months (Schultz, 




2008). Conversely, frogs located in the far south-east breed during the same spring and 
summer months but are not dependant on flooding to trigger their breeding behaviour (White 
& Pyke, 1999) and their larval stage can last up to 15 months (Wassersug, 2002).  
The study of a species threatened in its native range, but naturalised and proliferating 
elsewhere, is an interesting topic. Often the successful invasive species can have adverse 
effects through competition with native species that are not adapted to deal with the invading 
species (Marchetti & Engstrom, 2016). This issue is ethically challenging, as it is better to 
have an extant but non-native population of a species than an extinct one (Marchetti & 
Engstrom, 2016). However, if the endangered but invasive population has negative impacts 
on native species, the issue becomes more complex (Marchetti & Engstrom, 2016). 
Fortunately, in the case of L. raniformis, it seems that they do not negatively affect native 
species (Bishop, 2008). 
1.3 Conservation and study rationale 
1.3.1 Protection status and national recovery plan for L. raniformis 
In Australia, L. raniformis is nationally Vulnerable to extinction, while it is considered 
Endangered by the state of Victoria under the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999 (DEWHA, 2009). It is also regarded as Endangered by 
the IUCN (IUCN, 2019). The following information is a summary of the recovery objectives 
and actions in the Australian national recovery plan for L. raniformis (Clemann and Gillespie, 
2012): 
• The first recovery objective is to protect and improve the habitat where known 
populations of L. raniformis occur, particularly for known breeding habitat. At these 
secured sites, a habitat management plan will be prepared to improve the viability of 
the populations.  
• The second objective is to improve knowledge on the biology and ecology of L. 
raniformis and to identify specific causes of decline across its geographic range (the 
broadscale reasons for the decline have been identified however this varies 
geographically). Primarily this is achieved through population monitoring and 
comparative studies across different populations.  




• The third objective is to address threats and to implement management practices. 
Achieving this will be done by applying management to land-use changes that threaten 
L. raniformis. This objective also aims to investigate the potential of translocating L. 
raniformis, as well as creating artificial habitat.  
• Finally, the last objective is to increase awareness and conservation support for L. 
raniformis. Opportunities for community involvement will need to be identified for 
this to succeed.  
 
1.3.2 Study rationale 
In Australia, L. raniformis is Endangered (IUCN, 2019), but there are thriving populations in 
New Zealand (Vörös et al., 2008). As a country, New Zealand places much value on preserving 
its many threatened native species, and there should be a moral responsibility for 
conservationists in New Zealand to protect L. raniformis (Bishop, 2008). They are not 
currently known to damage native fauna, and as discussed earlier, provide unique conservation 
advocacy, teaching, and research opportunities. Therefore, efforts should be made to conserve 
this species in New Zealand, if only to use them for frog advocacy, and conservation research 
(Bishop, 2008). The Australian national recovery plan for L. raniformis covers objectives and 
actions to be carried out to protect the native Australian populations (Clemann & Gillespie, 
2012).  The present study adheres to these goals, with a focus on the understudied New Zealand 
populations.  
Habitat is an important determining factor to the success of many species, and its degradation 
and loss is a major contributing factor in the decline of L. raniformis in Australia. The first 
objective in the national recovery plan aims to improve existing habitat. Therefore, examining 
successful habitat use in New Zealand and comparing it to habitat use in Australia would be a 
first step in determining which site features could be improved in existing Australian habitat. 
Additionally, expanding knowledge on habitat use will help managers to recognise potential 
frog habitat into which protection can extend in Australia. In New Zealand L. raniformis 
frequently utilise heavily modified habitat. Research on how to successfully build this habitat 
is part of the third objective of the national recovery plan — examining which human-made 
ponds and dams have been colonised by L. raniformis in New Zealand and which have not 
could be an essential component to the success of this objective.  Due to 150 years of 




separation, it is worth investigating whether the habitat use, morphology or behaviour of L. 
raniformis has changed. Moreover, doing so complies with the second objective which aims 
to further research on the differences between populations across Australia.  Applying this in 
New Zealand may give conservationists a better understanding of the success of L. raniformis, 
as well as inform whether the species has adapted to the conditions in New Zealand. Overall, 
this study informs the national recovery plan and will provide information as a comparative 
study on the biology and ecology of L. raniformis in Central Otago, New Zealand and Victoria, 
Australia. 
1.4 Study sites 
Throughout this thesis the term habitat refers to the set of biotic and abiotic factors that enable 
population persistence, including physical and environmental features such as waterbody type 
and vegetation cover, but also the presence of predators, competitors, food items and others. 
Site features refer to the parts of the habitat that were measured in this study, as the habitat as 
a whole could not be assessed 
 
1.4.1 New Zealand 
Fieldwork for this study was conducted in Central Otago, New Zealand. Sites were located in 
Wanaka, Cromwell, and Alexandra. This area was chosen due to the relatively high abundance 
of L. raniformis. Macara (2015) describes the Central Otago as the driest region in New 
Zealand, receiving less than 400 mm of annual rainfall and frequently experiencing dry spells 
of 2 weeks. Occasionally this results in drought conditions. Central Otago is comparable to a 
semi-arid climate due to its hot, dry summers and cold, dry winters. Temperatures in Central 
Otago are highly variable (Figure 1.4); during summer, the mean monthly maximum is 30 °C, 
whereas, in winter, the mean monthly minimum is -5 °C degrees. In winter, heavy frosts and 
temperatures below -10 °C are also frequent (Macara, 2015). 





Figure 1. 4. Monthly variation in air temperature for Wanaka airport as a representation of the study sites taken 
from http://docs.niwa.co.nz/library/public/NIWAsts67.pdf 
1.4.2 Australia 
Data on the ecology of L. raniformis from Central Otago sites were compared to similar data 
from sites in and around Melbourne, Victoria, Australia. Melbourne receives higher annual 
rainfall than Central Otago, with a mean rainfall of 534.9 mm (BOM 2019). During the 
summer, the mean monthly maximum temperature is 26 °C, whereas, in winter, the mean 
monthly minimum is 6 °C (BOM, 2019).  
1.5 Aims and objectives 
Little research has been done to compare the habitat occupancy, morphology, and behavioural 
adaptations of L. raniformis populations in New Zealand to native populations in Australia. I 
aim to answer this knowledge gap by addressing several questions.  
Firstly, in chapter two I investigated how site availability and site occupancy by L. raniformis 
differed in Central Otago, New Zealand from Victoria, Australia. I addressed this question in 
order to understand how available sites differed by comparing datasets of habitat features. 
Additionally, I hoped to determine whether habitat features associated with L. raniformis 
occupancy differed between countries. I predicted that presence of L. raniformis would be 
determined by similar habitat features across both Central Otago and Victoria. This prediction 
was based on the recorded sensitivity of amphibians to habitat alterations, and reports of 
invasion success when similar habitat features are present in the invaded habitat (Pyke et al., 




2002; Moyle & Marchetti, 2006). However, some species that are endangered in their native 
range, have been successfully invasive elsewhere due to some variation in habitat from their 
native environment (Lees & Bell, 2008; Marchetti & Engstrom, 2015). Therefore, I also 
predicted that some differences in habitat might be contributing to the abundant population of 
L. raniformis in Central Otago. 
Secondly, I aimed to discover whether the morphometrics of L. raniformis differed between 
Central Otago and Victoria. I did this by determining whether there is a difference in SVL or 
mass in males or females by comparing datasets of adult frogs. Due to Central Otago reaching 
lower minimum temperatures, being on average cooler (Macara, 2015; BOM, 2019), and at a 
higher latitude I predicted that frogs in Central Otago will be larger than those in Victoria. 
This prediction is in keeping with the biological theory behind Bergmann’s rule. Additionally, 
morphology may be affected by changes in biotic interactions, such as competition. Litoria 
raniformis frequently compete with other frogs for similar food and site resources in Australia 
(Resetarits & Wilbur, 1989; Wiltshire & Bull, 1997; Gillespie & Hero, 1999; Mahony, 1999). 
In Central Otago, New Zealand, the only other amphibian present is L. ewingii, which is 
significantly smaller, not a competitor, and may even be a food source (Mace, 2005). This lack 
of competition and other changes related to insular shifts may have resulted in changes in 
morphology. 
In my fourth chapter I discussed how the biology and ecology of L. raniformis in Central 
Otago, New Zealand compared to native populations in Victoria, Australia. The findings from 
chapters two and three are summarised and conclusions on the differences in their studied 
biology and ecology are made.  
I also aimed to present additional information in Appendix 1 on whether Litoria raniformis 
may be attracted to the calls of Litoria ewingii in Central Otago. In Australia, it is unknown 
whether this behaviour is present. However, as there are only two species of frogs in Central 
Otago, this behaviour may be more likely due to less acoustic interference from other frog 
species and field studies can be conducted to explore this relationship. I predicted that based 
on the physiology of L. raniformis, its normal predation of L. ewingii, and the absence of other 
calling anurans, that L. raniformis would be attracted to the advertisement calls of L. ewingii. 




Finally, I also aimed to collect supplementary habitat information on Central Otago sites by 
recording the year-round air and water temperatures of sites occupied by L. raniformis. The 
results are presented in Appendix 2. 
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Chapter Two: A comparison of site occupancy and availability in 
native and introduced populations of Litoria raniformis 
 
2.1 Introduction 
Knowing which site features determine occupancy is critical to implementing effective 
conservation of that species (Pyke, 2002). Ensuring the survival and reproduction of a species, 
as well as developing accurate survey strategies, requires a thorough understanding of site use 
(Pyke, 2002). Understanding sites used by threatened amphibians is particularly essential to 
their conservation due to the sensitivity of amphibians to changes in their environment 
(Cushman, 2006). Habitat alteration is one of the biggest threats to amphibian survival (Stuart 
et al., 2004), and in Australia, there is evidence that widespread habitat loss, degradation, and 
fragmentation are severely affecting numbers of L. raniformis (Heard et al., 2012). In order to 
prevent these declines from continuing, the habitat required for the persistence of the bell frog 
L. raniformis must be correctly identified and protected (Heard et al. 2012).  
Australian habitat occupied by L. raniformis has been severely compromised since European 
settlement (Graetz et al., 1995). Alteration of natural habitat has occurred as a result of 
agricultural land clearing, urban and industrial development, altered hydrological regimes, 
wetland draining, and increasing salinity and pollution (Graetz et al., 1995). Anthropogenic 
activity has degraded L. raniformis habitat, to the point that the species now only occurs in 
scattered and isolated populations across south-eastern Australia, where it was once 
widespread (Clemann & Gillespie, 2012). An example of a loss of valuable habitat due to 
human activity is the creation of channel incisions into the natural chain of ponds systems. 
Channel incisions are made to connect previously discontinuous streams for human use, but 
cause a host of ecological issues. Chain of ponds are a significant environmental feature that 
was once common across the Southern Tablelands of New South Wales (Hazell et al., 2003). 
Conversion to channel incisions has meant the loss of a diverse environment comprised of 
ephemeral wetlands, temporary pools, extensive moist terrestrial habitat, and deep permanent 
ponds (Hazell et al., 2003). Litoria raniformis is a species that has been particularly susceptible 
to these losses, and as a result, has suffered a significant decline across the Tablelands (Hazell 
et al., 2003). However, despite the removal of many naturally occurring habitats, L. raniformis 
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is in part able to persist due to its ability to occupy many different waterbody types (Wassens, 
2010). Often waterbodies used by L. raniformis are artificially created by humans, such as 
dams, quarries, water treatment plants, and irrigated crops (Pyke, 2002); the presence of these 
water bodies has benefitted the survival of this endangered species in the absence of their 
native habitat (Hazell et al., 2003).  
There are, however, additional factors to consider for L. raniformis conservation - 
environmental conditions are rapidly changing due to the current climate crisis (Møller et al., 
2008; Harvey, 2018). Climate breakdown will worsen drought conditions, which are already 
a significant threat in drought-prone Australia (Kirono et al., 2011). Increased frequency and 
intensity of climatic events such as drought will reduce habitat availability for aquatic 
amphibians such as L. raniformis. As water sources dry up, this will compromise the survival 
and reproduction of  L. raniformis  (Mac Nally et al., 2009). Therefore, identifying and 
potentially intervening in populations occupying a site susceptible to long-term drought may 
be necessary for their survival (Clemann & Gillespie, 2012). If conservation of L. raniformis 
is to be effective in the face of anthropogenic changes, further research on what sites are at 
risk and what sites result in successful populations of L. raniformis are necessary. 
Pyke et al. (2002) investigated the habitat use of another Australian bell frog (L. aurea), also 
naturalised in New Zealand. The study compared the site features of breeding sites in Victoria 
and New South Wales (NSW) in Australia to those in North Island, New Zealand. In Victoria, 
L. aurea is classified as Threatened while in NSW it is Endangered due to site alteration 
resulting in massive population declines. In New Zealand, it is introduced and naturalised, but 
restricted to the warmer northern part of North Island. The study found that while L. aurea 
appears relatively flexible in terms of habitat used for most of the year, it has restrictions on 
waterbodies used for breeding. These water bodies used for breeding are still, sunny, low in 
salinity (observed range of 0 to 7.3 ppt), and ideally free of the predatory fish Gambusia affinis. 
Interestingly, in New Zealand, most measured sites were likely to receive polluted water, 
unlike either Victoria or NSW. New Zealand also had a narrower range of waterbody types 
available, and there was only thick, low vegetation in New Zealand, with more variety in 
NSW. However, New Zealand reliably had still, open, low salinity water bodies that likely 
contribute to the ongoing persistence of L. aurea. (Pyke et al., 2002). Research such as this 
demonstrates what site features are important for determining occupancy. Additionally, 
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research on introduced populations of Australian frogs in New Zealand provides a wide range 
of future opportunities to benefit the conservation of the Australian populations, especially the 
endangered L. raniformis.  
Litoria raniformis presents an interesting case study as it is in danger of extinction in Australia 
but is widespread throughout New Zealand (Bishop, 2008). This position presents 
opportunities for research and management that are not applicable to all species (Bishop, 
2008). In this chapter, I aim to investigate which site features determine occupancy of L. 
raniformis and how sites differ in Central Otago, New Zealand compared to Victoria, 
Australia. Answering this aim requires examining occupancy patterns of L. raniformis, and 
the availability of site features. I completed site assessments in Central Otago, New Zealand, 
to compare to data already collected in Victoria, Australia, using the same methods. Given the 
sensitivity of amphibians to habitat alterations, and reports of invasion success due to similar 
site features in other species (Pyke et al., 2002; Moyle & Marchetti, 2006) I predicted that 
presence would be determined by similar site features across these countries. Additionally, 
some species that are endangered in their native range, and successfully invasive elsewhere is 
due to some variation in habitat from their native environment (Lees & Bell, 2008; Marchetti 
& Engstrom, 2015). Therefore, I also predicted that some differences in sites might be 
contributing to the abundant population of L. raniformis in Central Otago. Finally, this study 
also aimed to discover if the abundant populations of L. raniformis in Central Otago are due 
to certain site features. Findings from this study aimed to increase knowledge of the 
understudied Central Otago population of  L. raniformis, as well as provide information that 
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2.2.1 Site selection 
The social media site Facebook was the primary tool used to gather citizen knowledge of the 
specific locations of L. raniformis populations. I posted a message in numerous groups over 
August and September 2018 requesting information of known ponds occupied by L. 
raniformis, either on public or private land in Central Otago. Targeted groups were community 
buy/sell/trade groups dedicated to Central Otago, or specific regions within Central Otago. 
The posts described the project and provided a description and photographs of L. raniformis, 
as well as L. ewingii. By including photographs of both species, the public was able to discern 
which frog they had seen - as these are the only two frog species found in Central Otago. These 
frogs differ significantly in appearance, size, and call, and the public turned out to always be 
correct in their identification. Facebook posts helped identify the majority of sites. Prior to 
this, at the end of 2017, an article was posted (by P. Bishop) in the newspaper “Central Otago 
News”, whereby some additional sites were identified. Twenty-six private and five public sites 
were visited, totalling site assessments completed for 31 sites. Sixteen of these sites no longer 
had L. raniformis present and are used as the ‘absent’ group. This group had reoccurring 
breeding populations in past years that had not returned for the or 2018/19 season, so while 
not historically absent, they were referred to as ‘absent’ sites throughout this thesis.  
Additionally, it is possible that at these sites there were low numbers of frogs that were not 
detected despite thorough searches. However, on the whole ‘absent’ sites can be regarded as 
sites that were mostly unoccupied, while ‘present’ sites were comparatively heavily occupied 
during the 2018/19 season at the time of surveying. The Australian data used in this study were 
site assessments carried out in Victoria, between 2001-2018 (G. Heard unpublished data). The 
Australian data used for comparison in this study were taken from the summer field season of 
2017/18 and included 14 ‘present’ sites and 28 ‘absent’ sites. For the Australian absence sites, 
I included sites that had frogs present in the past years but had been absent during the 2017/18 
season. This inclusion criterion was based on the general historical trends of ‘absent’ sites 
found at the Central Otago sites, in order to make them more comparable.  
2.2.2 Litoria raniformis surveys 
In Central Otago surveys for L. raniformis were carried out during December 2018, at the 
same time as the site assessments. Firstly, I took an anecdotal history of the waterbody, 
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usually, from the landowner, as most sites were private. I asked landowners whether they had 
seen or heard L. ewingii and L. raniformis. To aid in this, I gave landowners all common 
names, photographs, and played call recordings of both frog species. I questioned them on 
how frog abundance and calling in 2018 compared to previous years, as well as whether they 
had observed tadpoles earlier in the season. For the five public sites, the same was done with 
the local people who recommended the sites as often the sites were popular walking 
destinations. Many of the contact people had a local knowledge of recent and longer-term frog 
abundance in terms of whether the population had been declining, steady, or increasing.  
After an account was taken, I conducted a thorough search on the site, regardless of whether 
the contact person stated frog absence. The methods used to detect L. raniformis were the same 
as those used in the study by G. Heard (unpublished data). However, due to study limitations, 
the survey for L. raniformis and the site assessment itself needed to be carried out at the same 
time during the day, rather than conducting L. raniformis surveys at night. I used both visual 
searches and call-recognition surveys to confirm the presence of L. raniformis; I only did this 
at temperatures above 15°C as below this temperature activity significantly decreases (Cree, 
1984) and in an 8-hour window between 10:30 am and 6:30 pm.   
The first 10 minutes on arrival at the site I spent recording site details, weather conditions and 
listening for L. raniformis calls. I made as little disturbance as possible to increase the chances 
of detecting frogs by hearing their calls. At the end of this period, a recording of a male L. 
raniformis call was broadcast (via an mp3 player and Tivoli PAL Speaker) to stimulate non-
calling males to call. I then slowly walked the perimeter of the waterbody, while systematically 
visually scanning the surface of the water, with particular attention paid to aquatic vegetation. 
I also inspected the terrestrial bank as far as 10-15m away from the waterline. I overturned 
loose dirt and rocks to uncover inactive frogs. Frog calls were broadcast three more times at 
points evenly distributed along the edge of the waterbody to stimulate calling from non-calling 
males. I also recorded the presence of L. ewingii during the survey. The frog survey at each 
site consisted of 30 minutes of active searching and the initial 10 minutes of listening, totalling 
40 minutes maximum.  
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2.2.3 Site assessments 
Thirty-one site assessments were carried out between 10/12/18 and 16/12/18. All site 
assessments were carried out in an 8-hour window between 10:30 am and 6:30 pm. 
Photographs of each site were taken for reference. The definitions for categories of site 
features were the same used by G. Heard’s Australian datasets (unpublished data) and are 
described below for each category. 
Site assessments included recording water conditions with a YSI Professional Plus 
Multiparameter Water Quality Meter (YSI ProPlus). Using the YSI, I recorded water 
temperature (°C), pressure (mmHg), dissolved oxygen (DO%L and DOmg/L), specific 
conductivity (uS/cm), and ammonium ( NH+4). To do so I measured three random points in the 
waterbody and took the average from these measurements. The site assessment also involved 
weather condition estimates including air temperature (°C), also taken with the YSI, as well as 
visually estimating the degree of cloud cover (0-8), rain (0-3), and wind (0-3).  
I categorised grazing and trampling pressure on the fringing and aquatic vegetation by stock 
at each waterbody as high (significant trampling such that the bank is devegetated); moderate 
(trampling frequent but bank-side vegetation remains in place); low (trampling evident but 
does not disturb bank-side vegetation); or none (no trampling evident). ‘Mown’ was included 
only in New Zealand sites, whereby bankside vegetation was artificially mown within 5 m of 
the waterline.  
The waterbodies encountered in Central Otago were defined into three categories – pond, dam, 
and creek. A pond is considered to be a waterbody approximately less than 7000 m2, still 
water, natural or artificial, generally less than 2 m deep, and not used for livestock watering. 
A dam is considered to be of varying sizes, a body of still water, excavated within farmland 
in low lying or natural gully area, and traps surface water for livestock watering or other 
purposes. A creek is defined as a tributary of a river with flowing water of varying speed, 
generally narrow and shallow, but interspersed with pools of slower deeper water. In Australia, 
there was a fourth waterbody type encountered which was quarries, defined as an excavation 
made from taking the stone from bedrock that traps surface and spring water.  
The perimeter bank substrate was measured from the edge of the waterline to 5 m away from 
the waterline. Substrates encountered included bare-rock and bare-soil as well as dense grasses 
Chapter Two: A comparison of site occupancy and availability in native and introduced 




and sparse grasses. Dense grasses are those with patches or continuous cover of the substrate 
averaging no less than 20 cm in foliage height; sparse grasses are those with a discontinuous 
mat cover, including stray growths of longer grass.  
Waterbody permanence was classed as either permanent or non-permanent as it was too 
unreliable to classify it further. This knowledge was often sourced from the landowner or 
historical data.  
Mean and maximum water depth was estimated visually from within the waterbody using a 
large wooden ruler. Depths were categorised into the following classes <50 cm, 50-100 cm, 
101-150 cm, and >150 cm. Five measurements were taken around the waterbody and averaged 
to estimate the mean depth. The maximum depth was simply the deepest point in the pond; 
however, as measurements were taken by researchers in chest waders, reliably estimating pond 
depths deeper than 150 cm was not conducted due to safety concerns. 
Percentage of vegetation cover was used as a measure to quantify the vegetation structure at 
each site. There were four vegetation types - fringing, emergent, floating and submerged. 
Fringing vegetation referred to any terrestrial tree or shrub species growing within 5 metres of 
the water's edge. Emergent vegetation referred to aquatic macrophytes rooted below the water 
with foliage emerging above the water's surface. Floating vegetation comprised rooted or free-
floating aquatic macrophytes and algae, with foliage floating on the surface of the water. 
Submerged vegetation consisted of aquatic macrophytes rooted below the surface with foliage 
below the water surface. The percentage cover of vegetation types was calculated by viewing 
from above, and the percentage of the obscured surface area recorded. Submerged vegetation 
was estimated as the cover of the bottom of the waterbody, while emergent and floating 
vegetations estimated the cover of the surface of the water, and fringing vegetation as the cover 
of the surface bank up to 5m from the water’s edge.  
The presence of fish and tadpoles was noted, but due to study limitations a reliable method of 
abundance estimates could not be completed for sites in either Central Otago or Victoria. 
The area of each site was estimated using the Google Maps polygon function; each site was 
located on Google Maps and the area, in square meters, for each waterbody was measured. 
The areas of the Victoria waterbodies were estimated using GIS by Geoffrey Heard. 
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Temperature measurements in Central Otago were collected using fourteen dataloggers (Hobo 
Pendant MX Temp [MX2201]) deployed at seven sites where frog abundance was considered 
highest. At each site, one datalogger recorded air temperature and another recorded water 
temperature. The two data loggers were attached to a 1 m plastic fence post, which was 
securely pushed into the substrate of the pond. The data logger placement was in 
correspondence to where frogs were observed. However, they were placed with enough 
leeway to allow water fluctuations over time without a data logger becoming 
covered/uncovered with water. Data loggers were left from December 17th 2018 until 17th 
October 2019. The data loggers recorded the temperature every five minutes, which was then 
collated into various average temperatures for the seven sites (see Appendix 2).          
2.2.4 Statistical analyses 
Generalised linear models (GLM) were run separately for Central Otago and Victoria to 
investigate which site features correlate with L. raniformis site occupancy. Habitat variables 
were the same in both models and were scaled using the scale feature in R so that outputs from 
both countries could be directly compared. Habitat variables included in the final GLMs were 
based on graphs of the raw data, and published studies that suggested it may be biologically 
meaningful. Percentage covers for submerged vegetation, emergent vegetation, floating 
vegetation, fringing vegetation, rock cover, soil cover, and sparse grass cover were included. 
Additionally,  water temperature, maximum depth, and area were included. All habitat 
variables were tested for correlations using Pearson correlation tests. There was a negative 
correlation between dense grass and sparse grass since sparse grass cover is reported within 
the literature as more biologically meaningful, dense grass was excluded. Additionally, an 
ANOVA using all continuous habitat variables was run to compare all Central Otago sites to 
all Vicotira sites. A Shapiro test was run using extracted residuals to test normality and a 
Levene's test to test homogeneity of variance. Most habitat variables did not pass the Shapiro 
test, but most did pass the Levene's test. A Kruskal-Wallis test was then run on the habitat 
variables to compare output results to the ANOVA. Outputs were similar, and so the ANOVA 
test results were used.  
All analyses were carried out in R version 3.6.1  (R Core Team, 2019).  
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2.3.1 Site characteristics 
All occupied and unoccupied sites in Central Otago were permanent water bodies, while 
approximately 70% of occupied sites were permanent in Victoria (Figure 2.1). In Central 
Otago, the most common waterbody type sampled were ponds, followed by dams, and then 
creeks (Figure 2.2). Creeks were the most common waterbody sampled in Victoria, making 
up approximately 60% of both occupied and unoccupied sites, followed by ponds, dams, and 
finally quarries (Figure 2.3). Grazing level varied across sampled Central Otago sites; most 
sites were not grazed, closely followed by sites that were mown. There was no significant 
difference in the level of grazing between sites that were occupied and unoccupied. (Figure 
2.4). In Victoria, approximately 80% of sites were not grazed, and none had a high level of 
grazing (Figure 2.5). Occupied and unoccupied sites were similar sizes for both countries 
(Figure 2.6), and there was no observed effect of waterbody size on the presence of L. 
raniformis (Table 2.1).  Additionally, the waterbody size was not significantly different 
between Central Otago and Victoria (Table 2.2). 
 
Figure 2. 1. Percentage (%) of sampled water bodies that were either permanent or non-permanent where L. 
raniformis was either present or absent in Central Otago and Victoria 
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Figure 2. 2. Percentage (%) of sites that were each waterbody type where L. raniformis was either present or 
absent in Central Otago 
 
Figure 2. 3. Percentage (%) of sites that were each waterbody type where L. raniformis was either present or 
absent in Victoria 
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Figure 2. 4. Percentage (%) of sites that were each grazing level where L. raniformis was either present or 
absent in Central Otago 
 
Figure 2. 5. Percentage (%) of sites that were each grazing level where L. raniformis was either present or 
absent in Victoria 
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Figure 2. 6. The area in square meters for sites where L. raniformis was present in Central Otago (n=15), 
absent in Central Otago (n=16), present in Victoria (n=14), and absent in Victoria (n=28). (One extreme outlier 
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Table 2. 1. Comparison of Generalised Linear Model results for the same habitat variables at sites where L. 
raniformis was present and absent in Central Otago and Victoria 
 
 Habitat Variable Estimate Standard 
Error 
Z value P value 
New 
Zealand 
Submerged veg 1.86 0.79 2.35 0.019* 
 Rock cover 0.56 0.55 1.01 0.31 
 Floating veg 0.63 0.7 0.9 0.37 
 Fringing veg -0.21 0.65 -0.34 0.74 
 Soil cover -0.8 0.95 -0.84 0.40 
 Sparse grass 0.64 0.78 0.83 0.41 
 Water 
temperature 
0.37 0.67 0.56 0.58 
 Area -0.35 0.76 -0.47 0.64 
 Fringing veg -0.21 0.65 -0.34 0.74 
 Max Depth -0.02 0.52 -0.04 0.97 
Australia Rock cover -1.34 0.78 -1.71 0.087 
 Submerged veg 1.76 1.07 -2.06 0.098 
 Floating veg -0.65 0.63 -0.71 0.31 
 Emergent veg -0.36 0.51 1.65 0.48 
 Sparse grass 0.28 0.42 0.68 0.5 
 Area 0.25 0.44 0.56 0.57 
 Water 
temperature 
-0.16 0.45 -0.35 0.72 
 Max Depth 0.18 0.55 0.33 0.74 
 Fringing veg -0.13 0.45 -1.03 0.77 
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Table 2. 2. ANOVA results comparing differences in habitat variables at all measured sites in Central Otago (n 
= 31) and Victoria (n = 42) 
Habitat Variable df F-value P-value Partial eta^2 
Submerged veg 1 4.95 0.0293 * 0.065 
Emergent veg 1 6.39 0.0137 * 0.083 
Floating veg 1 0.009 0.924 0.0001 
Fringing veg 1 9.9 0.00241 ** 0.12 
Rock cover 1 1.23 0.271 0.017 
Soil cover 1 4.66 0.0343 * 0.06 
Sparse grass 1 7.02 0.00993 ** 0.09 
Dense grass 1 0.36 0.553 0.005 
Water temperature 1 21.6 1.5e-05 *** 0.23 
Max Depth 1 21.91 1.33e-05 *** 0.24 
Mean Depth 1 3.52 0.0647. 0.047 
Area 1 0.20 0.655 0.003 
Electrical 
Conductivity 
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2.3.2 Water characteristics 
In Central Otago, electrical conductivity (uS/cm) was similar across all sites, while Victoria 
occupied sites had a higher electrical conductivity than unoccupied sites (Figure 2.7); 
nonetheless, electrical conductivity did not appear to affect the presence of L. raniformis 
(Table 2.1). However, sites in Victoria did have significantly higher electrical conductivity 
than in Central Otago (ANOVA, F1 = 22.6, p<9.95e-06) (Table 2.2). Maximum depth was 
similar across all Central Otago sites, while in Victoria maximum depth was slightly higher in 
occupied sites (Figure 2.8) but there was also no effect of maximum depth on the presence of 
L. raniformis (Table 2.1). Additionally, maximum depth was significantly higher in Central 
Otago compared to Victoria (ANOVA, F1 = 21.91, p<1.33e-05) (Table 2.2). Mean depth 
across all sites was very similar (Figure 2.9), and there were no observed effects on the 
presence of L. raniformis (Table 2.1). There was also no significant difference in mean depth 
between countries (Table 2.2). Water temperatures in Central Otago were slightly lower in 
occupied sites, while Victoria water temperatures were slightly higher in occupied sites 
(Figure 2.10). However, water temperature did not affect the presence of L. raniformis (Table 
2.1), although temperatures were significantly higher in Victoria (ANOVA, F1 = 21.6, p<1.5e-
05) (Table 2.2.). 
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Figure 2. 7. Electrical conductivity measured as specific conductance us/cm for sites where L. raniformis was 
present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), and absent in 
Victoria (n=28) 
 
Figure 2. 8. Maximum depth (cm) measured in categories of 0-50 cm, 51-100 cm, 101-150 cm, >151 cm for 
sites where L. raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in 
Victoria (n=14), and absent in Victoria (n=28) 
Chapter Two: A comparison of site occupancy and availability in native and introduced 





Figure 2. 9. Mean depth (cm) measured in categories of 0-50 cm, 51-100 cm, 101-150 cm, >151 cm for sites 
where L. raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria 
(n=14), and absent in Victoria (n=28) 
 
 
Figure 2. 10. Mean water temperature (°C) for sites where L. raniformis was present in Central Otago (n=15), 
absent in Central Otago (n=16), present in Victoria (n=14), and absent in Victoria (n=28) 
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2.3.3 Perimeter ground characteristics  
Few sites in Central Otago had any perimeter rock or soil cover, while most sites in Victoria 
did (Figure 2.11; Figure 2.12). Neither rock or soil cover significantly affected the presence 
of L. raniformis in either country, but there are possible biological trends present in Victoria 
for rock cover (GLM, Z = -1.71, p<0.087) (Table 2.1). However, this was not supported by 
the 95% confidence interval (Figure 2.13). There was no significant difference in rock cover 
between Victoria and Central Otago; however, there was for soil cover (ANOVA, F1 = 4.66, 
p<0.03) (Table 2.2). Within Central Otago and Victoria average cover of sparse grasses was 
slightly higher at occupied than unoccupied sites (Figure 2.14), while dense grasses were 
similar between countries (Figure 2.15). Presence of L. raniformis was not affected by either 
sparse or dense grasses (Table 2.1). However, the percentage cover of perimeter sparse grasses 
was significantly higher in Central Otago than Victoria (ANOVA, F1 = 7.02, p<0.01) (Table 




Figure 2. 11. Percentage cover (%) of rocks around the perimeter of a waterbody for sites where L. raniformis 
was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), and absent in 
Victoria (n=28) 
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Figure 2. 12. Percentage cover (%) of soil around the perimeter of a waterbody for sites where L. raniformis 
was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), and absent in 
Victoria (n=28) 
 
Figure 2. 13. Comparison of standardised habitat variables coefficients and confidence intervals at sites where 
L. raniformis was present and absent in Central Otago and Victoria. NZ present (n=15), NZ absent (n=16), AU 
present (n=14), AU absent (n=28) 
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Figure 2. 14. Percentage cover (%) of sparse grasses around the perimeter of a waterbody for sites where L. 
raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), 
and absent in Victoria (n=28) 
 
 
Figure 2. 15. Percentage cover (%) of dense grasses around the perimeter of a waterbody for sites where L. 
raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), 
and absent in Victoria (n=28) 
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2.3.4 Vegetation characteristics 
The presence of L. raniformis was not significantly affected by emergent, floating, or fringing 
vegetation cover in either country (Table 2.1; Figure 2.16; Figure 2.17; Figure 2.18). Both 
Central Otago and Victoria had a significantly higher percentage cover of submerged 
vegetation at occupied sites than unoccupied (Figure 2.19). In Central Otago, there was a 
positive effect of submerged vegetation on the presence of L. raniformis (GLM, Z = 2.35, 
p<0.019), and in Victoria there was a biological trend of submerged vegetation positively 
affecting presence (GLM, Z = -2.05, p<0.098) (Table 2.1). Submerged vegetation positively 
affecting presence appears stronger in Central Otago (Figure 2.13). Compared to Victoria, 
Central Otago had significantly more emergent vegetation (ANOVA, F1 = 6.39, p<0.014) 
(Table 2.2; Figure 2.16), submerged vegetation (ANOVA, F1 = 4.95, p<0.0293) (Table 2.2; 
Figure 2.19), and fringing vegetation (ANOVA, F1 = 9.9, p<0.0241) (Table 2.2; Figure 2.18) 
and similar floating vegetation (Table 2.2; Figure 2.17). 
  
 
Figure 2. 16. Percentage cover (%) of emergent vegetation around the perimeter of a waterbody for sites where L. 
raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), and absent in 
Victoria (n=28) 
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Figure 2.17. Percentage cover (%) of floating vegetation on the surface of a waterbody for sites where L. 
raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), 
and absent in Victoria (n=28) 
 
Figure 2. 18. Percentage cover (%) of fringing vegetation around the perimeter of a waterbody for sites where 
L. raniformis was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), 
and absent in Victoria (n=28) 
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Figure 2. 19. Percentage cover (%) of submerged vegetation within a waterbody for sites where L. raniformis 
was was present in Central Otago (n=15), absent in Central Otago (n=16), present in Victoria (n=14), and 
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2.4.1 General site characteristics 
In Victoria, L. raniformis was present in a slightly higher percentage of permanent water 
bodies compared to non-permanent ones. Conversely, all surveyed sites in Central Otago were 
known to be permanent, while over a quarter of sites in Victoria dried out entirely during the 
surveyed year. This difference in site availability suggests L. raniformis utilises Central Otago 
sites differently than in their native range in Victoria. However, an abundance of permanent 
water bodies may be of benefit to L. raniformis, as they have demonstrated a preference for 
them before (Mahoney, 1999; Heard et al., 2004; Clemann & Gillespie, 2012). There is also 
evidence of a preference for water bodies that are permanent but fluctuate in water level, as 
well as ephemeral water bodies (Pyke, 2002). Ephemeral water bodies are rapidly utilised after 
formation, suggesting that they may be an important supplementary habitat (Heard et al., 
2004). In addition to this, disturbances from seasonal flooding into ephemeral water bodies 
correlate with higher rates of occupancy (Wassens et al., 2010). Other benefits of disturbed 
ephemeral water bodies also include greater vegetation complexity when compared with 
permanent wetlands (Casanova & Brock 2000; Warwick & Brock 2003), and lower predator 
densities (Adams 2000) which may increase their value to amphibians (Wassens et al., 2010). 
Changes in preference may also occur across regions in Victoria, as well as whether predatory 
fish, such as Gambusia affinis, is prevalent in the area (Clemann & Gillespie, 2012). A 
waterbody that regularly dries out will not sustain a Gambusia affinis population, while a 
permanent one may (Hero & Morrison, 2004; Clemann & Gillespie, 2012).  
The current climate crisis will have severe effects on waterbody hydrology, and this also needs 
to be taken into consideration. Permanent water bodies are an essential resource to the survival 
of populations (Mahony, 1999) and even more so with increasing drought pressure. Ephemeral 
water bodies may be unable to recover or sustain populations of L. raniformis after prolonged 
drought (Kirono et al., 2011; Dalu et al., 2017), which may reduce their benefits compared to 
permanent water bodies. Supplementary research on waterbody permanence and occupancy 
may reveal which measures could be taken to ensure L. raniformis persistence, e.g. artificial 
intervention through site maintenance, or translocation to a less threatened site (Clemann & 
Gillespie, 2012). This intervention may be necessary as droughts can last longer than L. 
raniformis’ short lifespan (Clemann et al., 2013). Overall, it appears ephemeral and permanent 
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water bodies both have qualities that are advantageous and disadvantageous for L. raniformis, 
and that an accessible mixture of both could be a preferable option. However, factors such as 
climate change need to be considered for management to be successful long-term. 
Grazing did not appear to affect the presence of L. raniformis in either country, although most 
sites did not experience any livestock grazing. As for the categories included, ‘mown’ was 
added in Central Otago as many waterbodies were artificial ponds and dams that were 
maintained by landowners. In Central Otago ‘no grazing’ and ‘mown’ made up the majority 
of sites, while ‘no grazing’ made up 80% of measured sites in Victoria. However, grazing can 
have multiple impacts that alter the interpretation of the results. For example, from a 
vegetation removal view, it is appropriate to include mown as a category. However, from a 
disturbance view, if mowing is not comparable to livestock grazing as a disturbance, then 
‘mown’ should be included in the ‘no grazing’ category. Interpretation using this second 
option means grazing levels experienced by Central Otago and Victoria are very similar, with 
around 80% of sites experiencing no grazing. No or low grazing most likely benefit L. 
raniformis, as intense livestock foraging can eliminate too much vegetation, destroy shelter 
and movement corridors, and compact soil used by sheltering frogs (Clemann & Gillespie, 
2012). Livestock grazing can also have long term consequences from high seed consumption, 
reducing the habitats’ ability to regenerate (Meeson et al., 2002). Furthermore, the removal of 
vegetation by grazing and trampling can also negatively affect the microclimate, such as 
humidity levels (Clemann & Gillespie, 2012).  Pollution of habitat by the deposition of animal 
faeces, especially in the water itself, is also a likely consequence of heavy grazing (Clemann 
& Gillespie, 2012). However, carefully managed light grazing by livestock may be beneficial 
for L. raniformis by lowering the density of terrestrial vegetation, such as dense grasses and 
fringing vegetation (Heard et al., 2008). 
There are suggestions that L. raniformis prefers large water bodies (Clemann & Gillespie, 
2004; Wassens, 2010; Clemann & Gillespie, 2012). However, this did not appear to affect 
presence in either Central Otago or Victoria, and neither was there a difference in waterbody 
size between these countries in the present study.  It has also been suggested that waterbody 
type is not a good predictor of frog presence in Victoria (Clemann et al., 2013), and neither 
did it predict frog presence in either country in this study. However, the use of waterbody size 
is misleading; for example, the largest water body in the present study was 60,000m2, much 
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larger than any other waterbody measured. Although it was a huge body of water, only very 
small sections/inlets were occupied by frogs, making the size of the area not representative of 
the area used by L. raniformis.  
There was a clear difference in availability of waterbody type observed between Central Otago 
and Victoria with regards to creeks and ponds. Well over half of Central Otago sites were 
ponds, while in Victoria a similar proportion of sites were creeks. There have been several 
studies that suggest L. raniformis prefers still or slow-moving water bodies (Pyke, 2002; 
Robertson et al. 2002; Scroggie and Clemann 2003; Heard et al. 2004; Hamer and Organ 2008; 
Wassens et al., 2010). Hence, the abundance of still ponds in Central Otago compared to 
Victoria may contribute to the relative success of L. raniformis in Central Otago. Litoria 
raniformis in Victoria have more access to flowing waterbodies than still water bodies due to 
the arid climate and its more extreme effects on still water bodies, and this is exacerbated by 
climate change (Bond et al., 2008). The present study only observed a slightly higher 
occupation of ponds compared to creeks and dams in Central Otago, and can only suggest a 
preference for ponds as a future research recommendation. 
2.4.2 Water conditions 
There were significant differences in electrical conductivity between Victoria and Central 
Otago, whereby salinities (inferred from measures of electrical conductivity) in Victoria cover 
a much higher range of measurements. Although salinities in Victoria were often substantially 
higher than Central Otago, Ashworth (1998) found electrical conductivity ranging from 101 – 
4800 uS/cm in sites occupied by L. raniformis, and almost all Victoria measurements from 
this study still fell inside this range. Interestingly, no Central Otago measurements exceeded 
410uS/cm. Furthermore, tadpoles appeared to be negatively affected by salinities exceeding 
3000 uS/cm (Smith et al., 2007) and it has been reported that low salinities are a strong 
predictor of frog presence (Clemann et al., 2013). However, reports of L. raniformis near 
brackish ponds in North Island exist (Bell, 1982). Nonetheless, it may be possible that lower 
average salinities in Central Otago water bodies contribute to L. raniformis success in Central 
Otago. There may be higher rates of recruitment due to less physiological stresses that 
accompany high salinities (Smith et al., 2007). However, studies on the closely related bell 
frog L. aurea suggests that exposure to high levels of salinity suppresses the load of chytrid 
infections (Stockwell et al., 2015). However, in this study, the presence within countries was 
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not affected by salinity levels. Despite this, more directed research in Australia on salinity 
levels may yield different results. This research direction is suggested due to the significant 
difference between countries, the relative success of L. raniformis in New Zealand, and 
suggestions in published studies on the benefits of lower salinities.  
The averaged mean water depth for both countries was less than one metre, and analysis of 
this dataset did not find a relationship between mean water depth and frog presence. Many 
past studies in Australia have found that L. raniformis has a preference for shallow water 
bodies (Pyke, 2002; Robertson et al. 2002; Scroggie and Clemann 2003; Heard et al. 2004; 
Hamer and Organ 2008; Wassens et al., 2010), and this may simply be because shallow water 
bodies are a highly available resource. Shallow water bodies may also be frequently occupied 
due to their warmer water temperatures, and less large predators, rather than their shallowness 
alone (Wassens et al., 2010).  
Water temperatures in Victoria averaged 3-4°C higher than in Central Otago, while mean 
water temperatures at sites within each country were within 1°C  of each other. As such, there 
was no correlation of water temperature with frog presence in either country in this study. 
Conversely, Wassens et al. (2010) found a significant relationship between waterbody 
occupancy and warmer temperatures, whereby the mean temperatures of occupied sites was 
24.8°C compared to 22.5°C at unoccupied sites. Tadpoles also fail to survive at low 
temperatures, indicating the importance of warm breeding waters for recruitment (Cree, 1984). 
Occupancy of warmer water bodies may also be apparent due to water temperature being a 
good indicator of a range of other habitat attributes (Wassens et al., 2010). Therefore, using 
water temperature as a predictor for L. raniformis presence needs to be treated with caution, 
as there are other habitat attributes that may be the ‘real’ cause of occupancy. For example, 
Wassens et al. (2010) found correlations of water temperature with large shallow waterbodies, 
as well as other site features that predict occupancy.  
2.4.3  Aquatic vegetation and perimeter ground layer characteristics 
Percentage rock cover and dense grass cover was similar between countries, while sparse grass 
cover was higher in Central Otago, and soil cover was higher in Victoria. There was a small 
but insignificant effect of bare rock cover on presence in Victoria, but overall there were no 
significant effects of perimeter ground layers on presence in the present study. On the contrary, 
Chapter Two: A comparison of site occupancy and availability in native and introduced 




Heard et al. (2008) found that bare soil and bare rock were significantly preferred site features 
along the riparian zone. Since L. raniformis forages nocturnally and uses an ‘ambush’ or ‘sit-
and-wait’ method to capture prey, dense terrestrial vegetation may impair its hunting efforts 
(Heard et al., 2008). Meanwhile, bare soil and rock cover aid L. raniformis’ ability to see and 
capture prey in both aquatic and terrestrial situations (Heard et al., 2008). Furthermore, due to 
the preference of L. raniformis for minimal ground cover on the vertical plane, sparse grasses 
were only occasionally occupied, while dense grasses were avoided (Heard et al., 2008). 
Overall, the present study found that the perimeter ground layer does not affect the presence 
of L. raniformis. Despite this, past studies in the same area in Australia (Heard et al., 2008) 
and other Australian sites (Pyke, 2002) found strong relationships, suggesting that these site 
features are an essential resource when it comes to site use.  
A high percentage cover of submerged vegetation was correlated with the presence of L. 
raniformis in both datasets taken from Victoria and Central Otago. Submerged vegetation is 
the only habitat variable that supports the prediction that the presence of L. raniformis will be 
determined by similar key site features across Victoria and Central Otago. The effect of 
submerged vegetation on presence in Victoria was small but considered biologically 
significant. However, during previous studies in Australia, high levels of submerged 
vegetation are known to be very important for predicting occupancy in sites in the same area 
as the present study (Heard et al., 2004; Heard et al., 2008), as well as others across Australia 
(Robertson et al. 2002; Scroggie & Clemann, 2003; Hamer & Organ, 2008; Clemann et al., 
2013). Submerged vegetation cover may be essential due to its involvement in several life-
history requirements of L. raniformis. Male frogs utilise submerged vegetation as a calling 
platform (Hamer & Organ, 2008), and may also be using its presence as an environmental 
indicator for calling activity, although, this warrants further research (Hamer & Organ 2008). 
Submerged vegetation also serves as an egg-laying site, and as a food source and refuge for 
tadpoles (Hamer & Organ 2008). Central Otago sites were found to have higher percentage 
cover of submerged vegetation than Victoria sites. Therefore, due to the significant role 
submerged vegetation has in the life-history requirements of L. raniformis, this may be a 
contributing factor to their increased success in New Zealand. Additionally, dense submerged 
vegetation acts as protection against tadpole predators, especially the invasive fish Gambusia 
affinis (Morgan & Buttemer, 1996; Hamer et al., 2002). While Gambusia presence does not 
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extend to Central Otago (McDowall, 2008), submerged vegetation is likely used as an 
important refuge in North Island of New Zealand and Australia. 
Analysis of the datasets used in this study did not show any other links between vegetation 
types and the presence of L. raniformis. However, other studies have found that floating 
vegetation is also positively associated with frog presence, and like submerged vegetation, 
dense mats are used as a basking and calling platform (Robertson et al. 2002; Scroggie and 
Clemann 2003; Heard et al. 2004; Hamer and Organ 2008; Clemann et al., 2013). While 
investigating differences between countries, there was a similar cover of floating vegetation 
in both; therefore, floating vegetation is unlikely to be contributing to the disproportionate 
success of L. raniformis in New Zealand. 
While the consensus is that submerged and floating vegetation is positively associated with 
frog presence, the effect of emergent vegetation on presence is less clear. Some studies find 
that a high cover of emergent vegetation is correlated with presence (Robertson et al. 2002; 
Scroggie and Clemann 2003; Heard et al. 2004; Hamer and Organ 2008). Another study found 
it to be highly variable across sites, not seeming to affect the presence of L. raniformis 
(Ashworth, 1998). However, dense, emergent vegetation has also been found to be avoided, 
except when less rigid stems were able to be perched on horizontally (Heard et al., 2008) 
which makes it able to be used as a basking site during the day (Pyke, 2002). Overall it appears 
that the presence of emergent vegetation may be beneficial in specific ways and quantities. 
For example, diverse patches of emergent vegetation are positively correlated with frog 
presence, more so than patches of single species (Robertson et al., 2002; Heard et al., 2004). 
Additionally, emergent vegetation may have an optimal percentage coverage of a waterbody, 
whereby more or less of it would decrease the site quality (Heard et al., 2008). The present 
study found no correlation of emergent vegetation with the presence of frogs, but it did 
discover that Victoria has higher emergent vegetation cover than Central Otago. Further 
research on emergent vegetation use by L. raniformis could benefit their conservation. By 
better describing the parameters at which emergent vegetation aids populations, and whether 
an optimum percentage cover exists, what it is, and what emergent vegetation species are 
preferably used by L. raniformis. 
The present study found that Central Otago typically had a higher percentage cover of fringing 
vegetation than Victoria, but in neither country did it affect their presence. The effect of 
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fringing vegetation on L. raniformis presence is also unclear in the literature. Sites with a 
higher number of fringing vegetation layers have been suggested to provide better quality 
shelter with more constant temperature and better protection from the elements (Buttemer et 
al. 1996), and it can be used as both daytime shelter sites as well as overwintering sites 
(Wassens et al. 2008). Furthermore, the complexity of fringing vegetation has been significant 
in predicting occupancy by Litoria raniformis (Wassens et al., 2010). However, Heard et al. 
(2008) found that dense fringing vegetation was generally avoided.  Additionally, a 
consequence of dense or tall fringing vegetation is the effects of shading on the waterbody 
(Clemann et al., 2013). Therefore, L. raniformis also avoids tree canopy cover from fringing 
vegetation (Clemann et al., 2013). Avoidance of this may be because of the effect shading has 
on ecological productivity, thermal environments, resource availability and quality for 
tadpoles. (Clemann, et al., 2013). Furthermore, sun-basking is a critical behaviour linked to 
limiting the effects of chytrid fungus, as well as getting vitamin D and raising body 
temperature (Pyke, 2002; Richards-Zawacki, 2009). Fringing vegetation cover may be similar 
to emergent vegetation, in which there is an optimal percentage coverage whereby more or 
less of it would decrease the site quality.  
Due to logistical restraints, I could not complete frog surveys at night. Detection probabilities 
for this frog in Australia drop significantly from nocturnal surveys (detection pr = 0.696) to 
daytime surveys (detection pr = 0.1) (Heard et al., 2006). However, many of the present 
study’s sites were on private land and close to residences. Proximity to humans meant that 
even if frogs were difficult to find during the day, frogs were often heard calling by residents 
at night, indicating presence. At some sites, frogs were categorised as ‘present’, even though 
I was unable to confirm presence myself during the day. In these cases, residents provided 
recordings of L. raniformis calling at night. Some ‘absent’ sites may have had small 
populations of L. raniformis present that was missed; however, any population that had calling 
breeding adults were likely detected. Now that relationships with property owners have been 
formed, and sites identified, nocturnal surveys could be performed at a later date if access is 
granted at night. 
2.4.4 Conclusions 
Past studies in Australia have found that the presence of L. raniformis is positively associated 
with low livestock grazing, large water bodies, shallow water bodies, higher water 
Chapter Two: A comparison of site occupancy and availability in native and introduced 




temperatures, low salinity, high perimeter cover of rock and soil, lower levels of sparse grass 
and very low dense grass, high cover of submerged and floating vegetation, and low densities 
of fringing vegetation. Waterbody permanence, waterbody type, and emergent vegetation have 
so far demonstrated variable effects on frog presence.  All of these relationships require further 
research in New Zealand to determine their specific impacts on frog presence. Data collection 
on different aspects of these site features is also required, such as measuring levels and 
complexity of vegetation, rather than percentage cover (Wassens et al., 2010) as well as 
investigation on specific microhabitat use (Heard et al., 2008).  
The purpose of this chapter was to address which sites L. raniformis occupy and how these 
sites differ in Central Otago compared to Victoria by investigating the occupancy patterns of 
L. raniformis, and the availability of site features in both countries. Overall, this study suggests 
that L. raniformis in both Central Otago and Victoria are more likely to occupy a site that has 
a higher percentage cover of submerged vegetation. This relationship was stronger in Central 
Otago and considered biologically significant in Victoria. The higher abundances of 
submerged vegetation in ponds in Central Otago may be a contributing factor to the success 
of L. raniformis in New Zealand. The present study also demonstrates a negative biological 
trend between the percentage of rock cover and presence in Victoria. However, this 
relationship was not statistically significant. This relationship also contrasts previous research 
done in the same area, where a higher percentage of rock cover was positively associated with 
frog presence (Heard et al., 2008).   
In addition to determining how site features affect presence, this study found differences in 
site between the two countries. To summarise, Central Otago compared to Victoria had more 
ponds and fewer creeks, more submerged vegetation cover, more emergent vegetation cover, 
more fringing vegetation cover, more sparse grass cover, and deeper water bodies. Central 
Otago also had less soil cover, less rock cover, lower water temperatures, and lower salinities. 
However, there were also similarities, such as in grazing level, waterbody size, rock cover, 
dense grass cover, mean depth, floating vegetation cover, and fringing vegetation cover. This 
information can be used to inform the Australian National L. raniformis Recovery Plan 
(Clemann & Gillespie, 2012) by further highlighting the importance of submerged vegetation 
in breeding ponds, in both New Zealand, and in Australia. Additionally, this research is a 





conservation management of this species in Australia. There are a host of positive outcomes 
for the study of L. raniformis in New Zealand, and if necessary, more invasive conservation 
research can be carried out in New Zealand. The native populations in Australia can benefit 
from the testing of conservation methods such as artificial site-building and translocation in 
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Chapter Three: A comparison between the morphology of a 
native and an introduced population of Litoria raniformis 
 
3.1 Introduction 
Body size is a critically important trait; it affects ecological and physiological processes, which 
in turn impact an individual’s fitness (Walsh et al., 2008; Yom-Tov & Geffen, 2011). For 
example, in many species, larger body size results in higher fecundity and competitive ability 
(Wooton, 1993; Stearns, 2000; Walsh et al., 2008). Moreover, the environment plays a critical 
role in a species’ morphological development and is a determining factor in an individual’s 
final size. Thus, environmental conditions contribute significantly to the overall fitness of a 
population (Walsh et al., 2008). Changes in an organism’s environment, either overtime or 
through an introduction to a new environment, are often accompanied by changes in 
morphology (Yom-Tov & Geffen, 2011). Changes in temperature and biotic interactions are 
primary drivers of changes in body sizes of birds and mammals (Yom-Tov & Geffen, 2011) 
but there are few reported cases in amphibians (but see Tryjanowski et al., 2006; Reading, 
2007). 
A species’ morphology can vary significantly over space as a result of different environmental 
temperatures (Tejedo et al., 2010). Typically this is seen as conspecifics at higher latitudes 
having a greater body mass than those found at lower latitudes; in other words, lower 
temperatures result in larger sizes within a species. This generalisation is known as Bergman’s 
Rule (Bergmann, 1847), but there has been much debate over this phenomenon (Geist, 1987), 
and there are exceptions to the rule (Mcnab, 1971). Nonetheless, Bergmann’s Rule has been 
frequently observed, especially in mammals and birds (Ashton et al., 2000; Meiri & Dayan, 
2003), but also in amphibians (Atkinson, 1994; Ashton, 2002; Walsh et al., 2008; Tejedo et 
al., 2010). The proposed mechanism behind this rule is that large body sizes are adaptive for 
cold environments due to larger animals losing less heat relative to mass, and therefore 
conserve more energy relative to smaller conspecifics (Geist, 1990). 
Some ectotherms exhibit morphological changes over time and appear to do so as a result of 
temperatures changes in their environment. For example, in common fruit flies (Drosophila 
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melanogaster), final body size decreased when exposed to warmer temperatures during the 
rearing phase (Robinson & Partridge, 2001). Adherence to Bergmann’s Rule over time has 
also been observed in amphibians, where six species of salamander demonstrated significant 
decreases in body size over 55 years as a result of climatic drying and warming (Caruso et al., 
2014). Furthermore, body sizes may be determined by differences in the thermal efficiency of 
resource use (Robinson & Partridge, 2001). At lower temperatures development is slower, but 
also more efficient by reducing the loss of stored resources, and as such, reduced loss of overall 
mass (Arendt, 1997; Robinson & Partridge, 2001; Fischer et al., 2005). Some amphibian 
species also experience changes in development as a result of temperature, where 
metamorphosis is significantly longer at lower temperatures, but, upon completion, mass is 
greater overall (Walsh et al., 2008; Tejedo et al., 2010). Additionally, despite the increased 
time spent developing, it seems that the proportional increase in mass at lower temperatures is 
significantly higher than at higher temperatures (Walsh et al., 2008). Frogs experiencing lower 
temperatures during metamorphosis also have a larger head width than those metamorphosing 
at higher temperatures (Emerson & Bramble, 1993; Tejedo et al., 2010). Since many frog 
species are gape-limited, a smaller head size reduces food input due to fewer prey options 
compared to an individual raised in cooler temperatures with a larger gape (Emerson & 
Bramble, 1993; Tejedo et al., 2010).  
Biotic interactions can also have significant effects on morphology (Wu et al., 2006; Yom-
Tov & Geffen, 2011), and changes in competition over food and site resources can induce 
alterations both spatially and temporally (Grant 1968; Schoener 1970; Case 1978; Heaney 
1978; Lawlor 1982; Melton 1982; Case & Schwaner 1993; Dayan & Simberloff 1994; 
Robinson-Wolrath & Owens 2003). Changes in morphology have been particularly 
pronounced between island and mainland populations, known as insular shifts (Foster, 1964; 
Schoener, 1969; Lomolino, 1984; Schwaner & Sarre, 1988; Case & Schwaner, 1993; Alder & 
Levins, 1994; Clegg & Owens, 2002; Wu et al., 2006). Introduction to a competition-free 
island may mean there is a greater abundance of food available to the introduced animal. As a 
result, foraging rates, and thus body size, increase, which can ultimately lead to a more 
successful population (Stearns, 1992; Ball & Baker, 1996). Insular shifts have also been 
observed to initiate changes in body size in amphibians. For example, rice frogs (Fejervarya 
limnocharis) in China were significantly larger on island populations than on the mainland 
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(Wu et al., 2006). The island populations had greater resource availability and thus less 
interference competition for resources, resulting in less time and energy spent foraging, and 
finally, larger body sizes (Palkovacs, 2003; Wu et al., 2006).  
The objectives of this study are to investigate whether Bergmann’s rule and insular shifts have 
affected the body size of L. raniformis in Central Otago compared to those in Victoria. Litoria 
raniformis was introduced to New Zealand over 150 years ago; there has likely been enough 
time for this species to have experienced changes in morphology in order to better adapt to a 
new environment (Yom-Tov & Geffen, 2011). Central Otago, New Zealand reaches lower 
minimum temperatures than Victoria, Australia, and is on the average cooler (Macara, 2015; 
BOM, 2019); the latitude in the Central Otago sites is approximately 44.7 °S and 37.8 °S in 
the Victorian sites. As a result, according to Bergmann’s Rule, L. raniformis should be larger 
in Central Otago than in Victoria. Additionally, morphology may be affected by the insular 
shift through changes in biotic interactions, such as competition. Litoria raniformis frequently 
compete with other frogs for similar food and site resources in Australia (Resetarits & Wilbur, 
1989; Wiltshire & Bull, 1997; Gillespie & Hero, 1999; Mahony, 1999). In Central Otago, New 
Zealand, the only other amphibian present is L. ewingii, which is not a competitor, smaller, 
and may even be a food source (Mace, 2005). This lack of competition may allow L. raniformis 
to occupy preferred habitat, and less interspecific competition could mean that L. raniformis 
in Central Otago have access to resources to grow larger than native populations in Victoria. 
In order to address the question of how the morphology of L. raniformis compares between 
Victoria and Central Otago, the snout-vent-length (SVL) and mass of several populations in 
both countries were investigated. Given the conditions in Central Otago compared to Victoria, 
and commonly observed responses to these conditions in amphibians, it is predicted that L. 
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3.2.1 Site selection 
Selection of sites used in this study are described in Chapter Two (see Methods page 16). All 
fifteen sites where L. raniformis was present in mid-December were revisited in mid-January 
to obtain morphological data. Of these fifteen sites, only six sites in Central Otago were 
sampled between the 14th of January and the 29th of January 2019. The remaining sites were 
not able to be sampled for several reasons. Some waterbodies were deep and surrounded by a 
steeply sloping bank that made capturing frogs too dangerous; at other sites, access was not 
granted for this part of the project. Additionally, at some sites, the abundant populations of 
frogs in December were no longer present. The survey methods described in Chapter two were 
repeated at these sites, but few frogs were found. In December these sites were predominantly 
characterised as large breeding populations, and as such may be early season breeding sites 
with access to smaller overwintering waterbodies.  
3.2.2 Frog sampling 
The following methods for frog capture are similar to the methods used in the capture of frogs 
in the Victoria comparison study. We visited sites as it was getting dark, usually around 10 
pm. The net used was fine mesh and approximately 45 cm in diameter and 80 cm deep. For 
each individual, I recorded snout-vent-length (SVL) and weight. At each site, we walked 
around the accessible perimeter of the waterbody and caught any frogs that were sitting on the 
bank. After the bankside had been thoroughly surveyed, with particular attention paid to 
vegetation, we would move into the edges of the water body and slowly spiral inwards to the 
deeper parts of the pond. 
Frogs were caught one at a time and immediately brought on to the land and placed inside a 
clean ziplock plastic bag; their locations were marked using a peg and reference number 
system. Frogs remained in their ziplock bags throughout handling, and were, therefore, more 
manageable and less likely to get injured. Frogs were weighed on an electronic balance, and 
snout-vent-length was measured using electronic callipers (200 mm Digital Vernier Caliper 
Stainless Steel). I placed each frog on a flat surface and ensured they were lying flat and 
straight before proceeding. I took each measurement from the tip of their snout to their vent 
and repeated this three times to ensure an accurate reading and recorded the mean value. 
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Following this, I carefully examined frogs for any sign of disease or abnormalities. I sexed a 
frog as male if nuptial pads were present and female in the absence of nuptial pads and backed 
this up with the presence of a pale-coloured throat, narrower forearms, or gravid appearance. 
I took a dorsal photo of each frog and labelled the photo with the frog's reference number. 
After each frog was measured, they were kept aside to prevent recaptures. After several final 
sweeps of searching for any more frogs, I played a recording of a male call which would often 
elicit a few responses, leading to several more captures and measurements. Finally, when no 
more captures seemed possible we released frogs near their capture points.  
The sex/age categories for L. raniformis have not been precisely defined (Pyke & White, 
2001). Males are defined by the presence of nuptial pads, which are used during amplexus to 
grasp females; therefore, males with nuptial pads are assumed to have reached sexual maturity 
(Ashworth, 1998). Nuptial pads have not been recorded on male L. raniformis below 52.5 mm 
(Hamer & Organ, 2008). Any L. raniformis above 52.5 mm that did not have nuptial pads I 
recorded as female unless it displayed other typically male characteristics such as a darkly 
mottled throat or thick forearms. In these cases, frogs were classed as indeterminate as these 
features are not reliable male sexual determinants like nuptial pads, but the frog is still not 
displaying typically female characteristics. As for age categories, it is unlikely that females 
reach sexual maturity at 52.5mm, and as such cannot be classed as sexually mature females, 
just that they are female (Pyke & White, 2001).  As a result, the L. raniformis in this study can 
only be classified into three groups – sexually mature males, females (that are not necessarily 
sexually mature), and immatures/indeterminate. However, I did not use immatures or 
indeterminates in this study. 
3.2.3 Statistical analyses 
I ran two, two-way analyses of variance (ANOVA) to test for differences between the means 
of SVL and mass of frogs between females and males and country of origin. Post-hoc Tukey 
tests were also run to see between which groups differed.  
All analyses were carried out in R version 3.6.1  (R Core Team, 2019). 
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The Central Otago dataset comprised 220 frogs caught in January 2019; 82 of these were male, 
and 138 were female. The Victoria dataset consists of 432 individual frogs caught between 
October and March during the 2002/03, 2003/04, 2004/05 breeding seasons. Of the Australian 
frogs, 233 were male, and 199 were female. 
Measurements of female frog SVL ranged from 55 mm to 90 mm in Central Otago (Figure 
3.1) and 59 mm to 102 mm in Victoria (Figure 3.2). Additionally, the mean SVL of female 
frogs in Central Otago (71.9 ± 0.6 mm) was lower than the mean SVL of female frogs in 
Victoria (74.7 ± 0.6 mm). Measurements of male frog SVL ranged from 53 mm to 74 mm in 
Central Otago (Figure 3.1), which was similar to the range of 53 mm to 80 mm in Victoria 
(Figure 3.2). However, the mean SVL of male frogs in Central Otago (63.2 ± 0.6 mm) was 
lower than the mean SVL of male frogs in Victoria (65.1 ± 0.3 mm).  
 
 
Figure 3. 1. Histogram of the number of L. raniformis captured in Central Otago, New Zealand at each snout-
vent-length (SVL) in 1 mm increments. The dashed line is mean male SVL, and the dotted line is mean female 
SVL. 
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Figure 3. 2. Histogram of the number of L. raniformis males and females captured in Victoria, Australia at 
each snout-vent-length (SVL) in 1 mm increments. The dashed line is mean male SVL, and the dotted line is 
mean female SVL. 
 
Female frog mass ranged from 10.8 g to 55.5 g in Central Otago (Figure 3.3) compared to 15.5 
g to 84.7 g in Victoria (Figure 3.4). Furthermore, the mean mass of female frogs in Central 
Otago (30.0 ± 0.8 g) was lower than the mean mass of female frogs in Victoria (33.6 ± 0.9 g). 
Male frog mass ranged from 10.6 g to 35.2 g in Central Otago (Figure 3.3) and from 8.6 g to 
38.3 g in Victoria (Figure 3.4). The mean mass (g) of male frogs in Central Otago (20.2 ± 0.6 
g) was very similar to the mean mass of male frogs in Victoria (20.4 ± 0.4 g). 
Females frogs had significantly larger body lengths (F1 = 278.4, p<2e-16) and masses (F1 = 
269.9, p<2e-16) than males in both countries (Figure 3.1; Figure 3.2; Figure 3.3; Figure 3.4).  
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Figure 3. 3. Histogram of the number of L. raniformis males and females at each weight in  
1 g increments, captured in Central Otago, New Zealand. The dashed line is mean male weight, and the dotted 
line is mean female weight. 
 
Figure 3. 4. Histogram of the number of L. raniformis males and females at each weight in  
1 g increments, captured in Victoria, Australia. The dashed line is mean male weight, and the dotted line is 
mean female weight. 
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Individuals from Central Otago were significantly smaller (F1 = 17.4, p<3.53e-05) and lighter 
(F1 = 7.79, p<0.0054) than conspecifics from Victoria; however, the small effect sizes indicate 
a weak relationship (Table 3.1.). There was no evidence of interaction in SVL between sex 
and country of origin, but there was for mass (F1 = 4.79, p<0.0289). However, post-hoc 
analyses indicate that there was no difference in males SVL and weight between countries 
(Table 3.2) and that only females were smaller in SVL (p<0.002) and mass (p<0.002). 
 
Table 3. 1. Two-way analysis of variance (ANOVA) test showing the variance between means of Central 
Otago and Victoria frogs SVL, and mass. 
  df F value P-value Partial eta^2 
SVL Sex 1 278.4 <2e-16 *** 0.31 
 Country 1 17.4 3.53e-05 *** 0.026 
 Sex:Country 1 0.613 0.434 0.0009 
Mass Sex 1 269.9 <2e-16 *** 0.30 
 Country 1 7.79 0.0054 ** 0.012 
 Sex:Country 1 4.79 0.0289 * 0.007 
 
 
Table 3. 2. Tukey posthoc test results of the two-way analysis of variance (ANOVA) test on the variance 
between means of Central Otago and Victoria frogs SVL, and mass. Indicating the significant differences found 
to lie between female frogs from each country, and not male frogs. 
 
Measurement Interaction P-value 
SVL NZ female: AU female 0.002 
 NZ male: AU male 0.145 
Mass NZ female: AU female 0.002 
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The present study found that female L. raniformis in Central Otago, New Zealand were 
significantly smaller than conspecifics in Victoria, Australia. Interestingly, there are reports 
of geographic differences in body size within the native range of L. raniformis (Pyke, 2002). 
For example, in other populations in Victoria, Australia, females had a mean SVL of 77.1 mm 
and a mean weight of 41.2 g (Hamer & Organ, 2008). These mean body measurements are 
larger than the measurements of the Victoria population used in the present study (74.7mm; 
33.6g), as well as the Central Otago population (71.9mm; 30.0g). Additionally, maximum 
SVLs reported in female L. raniformis have varied widely in Australia. There are reports of 
maximum SVLs from 82 mm (Littlejohn, 1963), 85 mm (Ashworth, 1998), 92 mm (Gill, 
1986), up to 104 mm (Tyler, 1978), while in the present study, the largest female in Australia 
was 102 mm. As for Central Otago, the maximum SVL in the present study was 90 mm. 
However, another study conducted in Central Otago, New Zealand found female L. raniformis 
ranging up to 94.6 mm (Germano et al., 2009).  
The mean SVL and weight of male L. raniformis in Central Otago (63.2mm; 20.2g) were very 
similar to those in Victoria (65.1mm; 20.4g) in the present study. However, like females, 
higher mean measurements have been recorded at other sites in Victoria (66.8mm; 25.7g)  
(Hamer & Organ, 2008). The maximum male SVL recorded in the present study was 74mm 
for Central Otago frogs and 80mm for Victoria frogs. Other studies in Australia have reported 
maximum lengths that varied from 65mm (Littlejohn, 1963; Gill, 1986; Tyler, 1978) 75mm 
(Ashworth, 1998) and up to 80.8mm in New Zealand (Germano et al., 2009). 
Moreover, females in the present study were significantly larger than males in both New 
Zealand and Australia. This sexual dimorphism has also been observed among other studies 
of L. raniformis (Pyke, 2002; Hamer & Organ, 2008; Germano et al., 2009; Heard et al., 2012). 
Additionally, in Australia, SVL and weight follow a relatively normal distribution (Heard et 
al., 2006), and the present study found that populations in New Zealand were also normally 
distributed in both weight and length.  
This study does not support Bergmann’s Rule, whereby ectothermic organisms at higher 
latitudes/lower temperatures are predicted to be larger than conspecifics at lower 
latitudes/higher temperatures. Bergmann's rule has been observed in mammals and birds, as 
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well in some amphibian species (Atkinson, 1994; Ashton, 2002; Walsh et al., 2008; Tejedo et 
al., 2010). However, it has long been a topic of debate (Mcnab, 1971; Geist, 1987; Adams & 
Church, 2008) and there are published studies on many amphibians that do not conform to it. 
Instead, other factors have been the determinant to changes in body size for some amphibian 
species. For example, the body size of the common frog (Rana temporaria) varies 
considerably geographically but does not follow Bergmann’s rule (Laugen et al., 2005). 
Instead, it appears that variations in this frog’s body size across latitudes are at least in part, 
genetically determined (Laugen et al., 2005). There is also research to suggest that some 
species conform to the contrary of Bergmann’s rule. As a result of environmental 
temperatures, population-specific differences in performance and morphology have been 
observed during early aquatic stages of amphibians (Orizaola & Laurila, 2009). For example, 
two ranid frog species (Rana cascadae, and R. lessonae) experienced hind limb elongation, 
increased overall body length, and improved jumping performance when raised at higher 
temperatures (Blouin & Brown, 2000; Orizaola & Laurila, 2009). So while Bergmann’s rule 
explains greater body mass in some species of amphibians, it is not universal and is not the 
case in the present study.  
3.4.1 Possible mechanisms behind size differentiation 
There are several possible explanations for why L. raniformis in Central Otago are smaller 
than conspecifics in Victoria. The basis of these reasonings are from observations, and 
explanations for temporal and spatial decreases in body size that are reported in the literature; 
and are applicable between Central Otago, New Zealand, and Victoria, Australia based on 
local knowledge of differences between these areas.  
3.4.1.1 Density of conspecifics 
L. raniformis appear to occur in higher densities in Central Otago than in Victoria. In the 
present study, capture numbers were much higher per site in Central Otago compared to 
Victoria, where L. raniformis is Endangered (IUCN, 2019). While over 400 adult frogs were 
captured in Victoria, this was over the entirety of three breeding seasons across seventeen 
sites, comparatively over 200 frogs were captured from six sites in Central Otago over six 
days. Assuming L. raniformis does occur at higher densities in Central Otago, this may cause 
the smaller body sizes observed in Central Otago due to density-dependent factors. For 
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example, decreases in the body size of a population of Fowler's toad (Anaxyrus fowleri) 
occurred as a result of an increasing density over ten years (Green & Middleton, 2013). 
Decreasing body size in response to higher densities has also been observed in several 
salamander species (Ousterhout et al., 2015). At high densities, individuals started to exhibit 
behavioural changes that resulted in smaller body sizes (Green & Middleton, 2013; Ousterhout 
et al., 2015). Interestingly, competitive exclusion, whereby some individuals would 
outcompete others, leading to high levels of mortality, and finally resulting in reduced density, 
was not found in these salamander species (Ousterhout et al., 2015). Instead, individuals began 
to avoid one another and compensate for the increased competition by decreasing time spent 
foraging regardless of prey density. This reduced foraging time resulted in a lower level of 
food input, thereby restricting body size in individuals (Green & Middleton, 2013; Ousterhout 
et al., 2015). 
3.4.1.2 Food availability  
In Australia, L. raniformis is a generalist carnivore that opportunistically forages on a wide 
range of prey (Pyke, 2002). This prey can include invertebrates such as flies, beetles, 
grasshoppers and water snails (Thomson, 1922; Cree, 1985; Ayer, 1995), but L. raniformis 
also predates on vertebrates such as lizards, small snakes, and fish as well as on tadpoles and 
frogs (Thomson 1922; Barker & Grigg 1995; Pyke, 2002). In Central Otago, New Zealand, L. 
raniformis may have less prey choice as there are fewer vertebrate species present on South 
Island. The only readily available large prey for Central Otago L. raniformis is the smaller 
brown tree frog (Litoria ewingii), which is predated on by L. raniformis (Mace, 2005). More 
commonly, prey in Central Otago consists of smaller invertebrates. This could be the driving 
factor behind the smaller body sizes of  Central Otago L. raniformis as studies have shown 
that the size of prey, and thus caloric availability, can limit the final body size of individuals 
(Van Valen, 1965; Grant, 1968; Schoener, 1969; Roughgarden, 1972; Lister, 1976; Heaney, 
1978; Dayan & Simberloff 1994; Petren et al., 1999). To see if this factor is influencing body 
size, a comparison of the types and density of prey in Victoria, Australia and Central Otago, 
New Zealand would be useful as differences may be influencing the smaller body sizes 
observed in Central Otago L. raniformis.  
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An animals’ morphology is a critical aspect of their defence against predation, and some 
animals have been observed experiencing changes in morphology in response to changes in 
predation pressure (McCollum & Leimberger, 1997; Relyea, 2001). Litoria raniformis has 
been observed to inflate and extend its legs in an effort to appear larger, become unpalatable 
through body secretions, and begin ‘screaming’ in an effort to deter predators (Williams et al., 
2000).  Moreover, high levels of predation pressure can influence a species morphology in a 
way that increases their defence against predators (McCollum & Leimberger, 1997; Relyea, 
2001). For example, gray treefrog tadpoles (Hyla chrysoscelis) experience changes in shape 
that increase swimming speed and thus increase predator avoidance ability (McCollum & 
Leimberger, 1997). High levels of predators can also induce changes through influencing a 
species’ activity. Amphibians have been observed to decrease time spent foraging at higher 
predator densities. This decrease in food intake can slow growth, and lead to smaller 
individuals than there would be at lower predator densities (Anholt et al., 2000).  
The same may apply to L. raniformis, where body size may be smaller in Central Otago due 
to lowered food intake as a result of higher predator density. The types of predators in New 
Zealand and Australia are compared in Table 3.3, which allows insight into where predation 
pressure may be higher. In Australia, frogs such as L. raniformis likely face predation from 
red fox (Vulpes vulpes), feral and domestic cats (Felis catus), black rats (Rattus rattus), brown 
rats (Rattus norvegicus), and snakes, such as the red-bellied black snake (Pseudechis 
porphyriacus) and tiger snake (Notechis scutatus) (Pyke & White, 2001). Tadpoles also 
experience predation from predatory fish such as Gambusia affinis, and a variety of birds such 
as Kookaburra (Dacelo novaeguineae).  Adults may also fall prey to some bird species (Pyke 
& White, 2001), and a wider variety of snakes and birds likely predate on L. raniformis than 
is currently known (Pyke & White, 2001).  
In New Zealand, predation from feral and domestic cats is likely, along with black rats, brown 
rats, and kiore (Rattus exulans). While New Zealand lacks foxes and snakes, it hosts 
hedgehogs (Erinaceus europaeus), and the mustelids like ferrets, stoats and weasels (Mustela 
spp.), all of which are likely to predate on L. raniformis. Tadpoles are also predated on by 
birds such as species from the heron and kingfisher family, as well as invertebrates and 
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Gambusia affinis. However, predation by Gambusia is primarily an issue in the warmer 
northern areas of New Zealand, and Central Otago frog populations are likely unaffected 
(McDowall, 2008). If predation pressure is higher in Central Otago than in Victoria, this may 
cause the morphological changes observed in the Central Otago population (McCollum & 
Leimberger, 1997; Anholt et al., 2000; Relyea, 2001). Studies on the density of predators that 
prey on L. raniformis in Victoria, Australia and Central Otago, New Zealand have not been 
completed, and so it is uncertain if there a higher predation pressure at one of these sites. 
However, I completed an additional study which, as a by-product produced photographic 
evidence of hedgehogs, ferrets, and rats along the waterline of sites where L. raniformis was 
abundant (See Appendix 1). In addition to this, ferrets were seen at two different sites during 
morphological data collection. These sightings may indicate a high level of predator presence 
around water bodies that L. raniformis occupy. 
 
Table 3. 3. The types of predators that prey on L. raniformis in all forms in Australia compared to New 
Zealand. 
Possible Predators Australia New Zealand 
Foxes ✓ X 
Cats ✓ ✓ 
Ferrets X ✓ 
Stoats X ✓ 
Weasels X ✓ 
Rats ✓ ✓ 
Hedgehogs X ✓ 
Birds ✓ ✓ 
Snakes ✓ X 
Fish ✓ ✓ 
 
3.4.1.4 Differing growth periods 
While higher abundance and density of L. raniformis, fewer food resources, and high rates of 
predation are possible explanations for the observations of slightly smaller sized frogs in 
Central Otago, this does not explain why females specifically were significantly smaller. An 
alternative explanation for this observation may be related to the different periods of growth 
in Central Otago and Victoria. For instance, Central Otago reaches colder temperatures than 
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Victoria (Macara, 2015; BOM, 2019), which may reduce the breeding season to a few months 
(November – January) in summer while in Australia it can occur from August up until 
February (Pyke, 2002). During these months, temperatures are much warmer on average in 
Victoria than Central Otago (Macara, 2015; BOM, 2019).  
In Central Otago, L. raniformis are, therefore, more likely to spend more time in an overwinter 
aestivation, during which time growth is minimal (Wassesn et al., 2008). In conformity with 
the von Bertalanffy (1938) growth curve, growth is rapid up until sexual maturity (Hota 1994; 
Sinsch et al. 2010). In Australia, sexual maturity can be reached at an SVL of 53mm for males, 
which can happen within 43 days; while females take a minimum of 113 days to reach a 
sexually mature minimum SVL of 73mm (Heard et al., 2011). However, growth post-sexual 
maturity is slow (Bertalanffy, 1938), and due to the shortened growing period in Central 
Otago, it will take longer for females to reach the large sizes observed in Australia. Females 
expend significant energy in egg production, and the shortened growing season in Central 
Otago will restrict females from growing as fast, or producing as many eggs, as females in 
Victoria. Adult survivorship in L. raniformis is very low both during the breeding season and 
while overwintering. Consequently, the chances for a female in Central Otago to survive long 
enough to reach the sizes seen in Victoria are lower (Heard et al., 2012).  
3.4.2 Future directions 
Future research is required to investigate the long-term water and air temperatures in breeding 
ponds in Central Otago and Victoria. Temperatures in Central Otago do get colder than in 
Victoria but temperatures during the summer breeding season may be similar. Ten months of 
water and air temperature data taken from seven breeding ponds in Central Otago are provided 
(see Appendix 2), but data from Australia is required for a comparison. Acquisition of this 
data would inform whether the temperatures over a year differ between breeding ponds in 
Victoria and Central Otago. This data could then be used to research whether L. raniformis 
are acting in contrary to Bergmann’s Rule, or if the assumption that Central Otago is colder 
than Victoria is incorrect.  
High abundance and density of conspecifics, less food input, and higher density of predators 
have all lead to decreased body sizes in the literature, but these are only general causes of body 
size reductions and do not explain why this study observed only a significant reduction in 
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female L. raniformis body size. By examining the length of the breeding season in both 
countries, and performing capture-recapture studies, the growth rates of both males and 
females could be examined. This research direction could be extended by collecting data the 
following breeding season and investigating the survivorship of L. raniformis in Central 
Otago, and how many seasons it takes for similar maximum SVLs to be reached in Victoria. 
3.4.3 Conclusions 
In conclusion, changes in morphology are a common adaptation to temporal and geographical 
environmental variations that can occur over relatively short time frames (Yom-Tov & Geffen, 
2011).  The introduction of L. raniformis to New Zealand 150 years ago is no exception. This 
study demonstrates that female L. raniformis have undergone a significant reduction in body 
size compared to those in Victoria. The agent for this change is unknown but based on past 
research, and environmental differences between Central Otago and Victoria, there are several 
possible contributing factors. These include competition, food input, predation, and growth 
periods. Since growth is predominantly affected by food input, food availability is likely a 
contributing factor. The cause of this decrease in specifically female body size would require 
further research to discover the true cause, and whether this morphological change affects 
















Chapter four: General discussion 
 
4.1 Summary 
The purpose of this thesis was to investigate how the ecology and biology of native populations 
of L. raniformis in Victoria compare to introduced populations of the same species in Central 
Otago, New Zealand. Additionally, this thesis aimed to investigate whether measurable 
differences between these countries explain the success of the species in New Zealand 
compared to its decline in Australia. Site occupancy and morphometric characteristics of 
populations of L. raniformis in Victoria, Australia, and Central Otago, New Zealand were 
compared. This comparison was achieved by recording a range of site characteristics at sites 
where L. raniformis was present and absent in both countries. The differences between site 
features, and whether frog presence was correlated with particular site features in Central 
Otago and Victoria were analysed. Morphometric characteristics were compared by recording 
snout-vent-length (SVL) and mass of frogs caught in Victoria and Central Otago and analysing 
the differences between the frogs in both countries.  
For Chapter Two, I predicted that frog presence would be determined by similar site features 
across Victoria and Central Otago, as observed in the closely related bell frog L. aurea (Pyke 
et al., 2002). This prediction was correct, and submerged vegetation was correlated to the 
presence of L. raniformis in both countries. This finding is consistent with past research on 
sites occupied by L. raniformis, in which higher levels of submerged vegetation often 
characterised occupancy and direct habitat use (Robertson et al. 2002; Scroggie & Clemann, 
2003; Heard et al., 2004; Hamer & Organ, 2008; Heard et al., 2008; Clemann et al., 2013). 
Submerged vegetation is important due to its multiple functional uses for both tadpoles and 
adult frogs. It is used by invertebrates and as a result, harbours food for frogs. Submerged 
vegetation is also used as an egg-laying site, protection from predators, and as a refuge 
(Morgan & Buttemer, 1996; Hamer et al., 2002; Hamer & Organ 2008). Other vegetation 
types, while important, are unable to offer such an array of critically important services 
(Robertson et al. 2002; Scroggie and Clemann 2003; Heard et al. 2004; Hamer and Organ 
2008; Heard et al., 2008; Clemann et al., 2013), highlighting the importance of submerged 
vegetation to successful L. raniformis populations. The present study found no other site 




features in the sampled Victoria or Central Otago sites that significantly characterised the 
presence of L. raniformis. However, while these results suggest that only submerged 
vegetation is important to the presence of L. raniformis, it is likely that other structural 
components of the habitat act in a synergistic way or are vital in their own right. Submerged 
vegetation may be a highly critical feature of the persistence of populations, but 
conservationists need to evaluate the entirety of the literature. Past research also highlights the 
importance of floating vegetation, which provides a few of the same services submerged 
vegetation provides (Robertson et al. 2002; Scroggie and Clemann 2003; Heard et al. 2004; 
Hamer and Organ 2008; Clemann et al., 2013). Additionally, emergent and fringing vegetation 
in a specific range may be preferred, whereby site quality decreases when above or below this 
range (Heard et al., 2008). Litoria raniformis also prefers water bodies that are low in salinity, 
large area, warm, and shallow (Pyke, 2002; Robertson et al. 2002; Scroggie and Clemann 
2003; Clemann & Gillespie, 2004; Heard et al., 2004; Wassens, 2010; Clemann & Gillespie, 
2012; Clemann et al., 2013). Additionally, a high degree of rock and soil cover over grass 
appears preferable, as well as no to low grazing (Meeson et al., 2002; Heard et al., 2008; 
Clemann & Gillespie, 2012).  
I also predicted that the sites in Central Otago would be different to Victoria in a way that 
enhanced occupancy of L. raniformis in Central Otago. This prediction may be in the form of 
a site characteristic that correlated with occupancy and was not present in Victoria, or a 
characteristic highly correlated with absence in Victoria and was lacking in Central Otago. 
This prediction was partially correct. While site was significantly different between Central 
Otago and Victoria, there did not appear to be a particular characteristic that strongly predicted 
presence or absence that was only present in one country. However, submerged vegetation 
cover was significantly higher in Central Otago than in Victoria. A higher percentage cover of 
submerged vegetation may be a contributing factor to the success of L. raniformis in Central 
Otago, through the many critical services it provides. Nonetheless, additional research to 
discover whether site differences are contributing to the success of L. raniformis in Central 
Otago is required. There were notable differences in site features between the sampled sites in 
the two countries that may yield different results with further investigation. Interestingly, 
nearly all the differences that were common to Central Otago but not Victoria are features that 
are typically negatively associated with L. raniformis. For example, high levels of emergent 




and fringing vegetation, more grass cover than rock or soil, and colder and deeper waterbodies 
are features typically avoided by L. raniformis, but were common features in Central Otago, 
and less common in Victoria. There were only two features that typically characterise L. 
raniformis presence that were more common in Central Otago than in Victoria; these were still 
water bodies and high percentage cover of submerged vegetation. However, this study did not 
find a significant effect of the stillness of a waterbody (e.g. creek vs pond) on presence.  
In chapter three, I predicted that L. raniformis in Central Otago would be larger than 
conspecifics in Victoria in compliance with Bergmann’s Rule (Bergmann, 1847). This study 
found that L. raniformis individuals at higher latitudes/lower temperatures are not larger than 
those at lower latitudes/ higher temperatures. Mean female body size in Central Otago was 
significantly smaller than in Victoria; however, males were very similarly sized in both 
countries. Smaller body size in amphibians has been recorded in the literature as a result of 
the high abundance of conspecifics, decreased food availability, and increased predation 
pressure. Although these are generalisations applicable to both males and females, the specific 
reason for the small body size observed in females is unclear. Further research on other 
populations of L. raniformis in both New Zealand and Australia is required to investigate 
geographical differences in body size in this species. The Victoria and Central Otago 
morphology data used in the present study had smaller body sizes of L. raniformis then has 
been recorded in other studies in Victoria and Central Otago (Tyler, 1978; Gill, 1986; Hamer 
& Organ, 2008; Germano et al., 2009). Further research into what is causing these 
discrepancies in size may be valuable if frogs of a certain size are benefitting over others. 
The success of L. raniformis in New Zealand may be due to a few key characteristics, as is the 
case for the closely related bell frog L. aurea. Water bodies that were still, open and low in 
salinity were significantly more critical to L. aurea presence than other site characteristics in 
both New Zealand and Australia (Pyke et al., 2002). These characteristics were also abundant 
in New Zealand compared to Australia, which may be attributable to their success in New 
Zealand (Pyke et al., 2002). In Central Otago there is a higher cover of submerged vegetation, 
and more still water bodies such as ponds and dams rather than creeks. Both of these are 
important features for successful breeding and survival of L. raniformis. Published studies 
have shown no other site features correlated with L. raniformis presence that this study found 
in greater abundance in Central Otago. The higher abundance of these two site features may 




mean that they are critical site features that allow L. raniformis to proliferate in New Zealand. 
However, despite access to preferred site features, L. raniformis in Central Otago have not 
achieved larger body sizes as a result. Waterbody temperatures from sites in both Central 
Otago and Victoria reveal sites in Central Otago are significantly colder. Following 
Bergmann’s Rule, this should have resulted in overall larger body sizes in L. raniformis raised 
in the colder ponds in Central Otago. However, body size may be reduced as a result of a wide 
variety of environmental factors specific to Central Otago.  
4.2 Future implications 
This research is one of the first studies to compare the biology and ecology of thriving New 
Zealand populations of L. raniformis with the endangered native populations in Australian. 
This type of research is a necessary first step to determine any distinct differences in site 
occupancy and morphology. Based on the results of this study, management of L. raniformis 
sites needs to pay particular attention to the quality and quantity of submerged vegetation in 
occupied ponds. It is clear from this study, and from other published studies that L. raniformis 
is highly dependent on this vegetation type for breeding success and thus, persistence. This 
study also found that female L. raniformis are smaller in Central Otago, and the reasons for 
this difference are speculative. Overall this study follows the guidelines for the Australian 
National Recovery Plan by improving knowledge on the biology and ecology of L. raniformis 
(Clemann & Gillispie, 2012). Future work on New Zealand populations can begin to explore 
opportunities to improve the conservation of the species in Australia, such as translocations 
and artificial site-building. Incorporating New Zealand into the recovery plan is not an 
intended direction of the plan; however, doing so provides a unique insight into flourishing 
New Zealand populations of L. raniformis. Therefore, integrating New Zealand into the 
management plan is recommended, as a lot of knowledge can be learned from these 
populations that may improve conservation knowledge of this species in Australia.  
This study also highlights how species can display niche conservatism when introduced to a 
new area. Niche conservation is when a species retains niche-related ecological traits over 
time (Wiens et al., 2010). The driving factor of niche conservation can also be applied over 
space, as is the case in the present study. The conservation of an ecological trait within the 




niche of L. raniformis is evident in their preferential occupancy of sites with higher percentage 
covers of submerged vegetation.  
4.2.1 Translocation potential 
While translocations are controversial, proactive conservation is needed to prevent further 
adverse outcomes from the current worldwide amphibian decline (Germano & Bishop, 2009). 
While mammals and birds have been a primary focus of translocations, the life history traits 
of amphibians make them good potential candidates for translocations (Bloxam & Tonge 
1995; Jones 2002; Griffiths & Pavajeau 2008). Furthermore, translocation from New Zealand 
to Australia may be a possibility for L. raniformis with further investigation into their 
suitability for the process. However, translocations come with many difficulties that first have 
to be recognized. The agents of decline for a population firstly need identifying (Dodd & 
Seigal, 1991). Threats have already been identified for L. raniformis, and like many other 
amphibians, the leading causes are related to habitat change and chytridiomycosis. The 
presence of chytrid has been the cause of some failed translocations (Fisher & Garner 2007). 
Consequently, if translocations were to take place, precautions against the spread of the disease 
to other amphibians, and the translocated amphibians themselves is necessary as the disease 
is known to spread up to 120-160 km/year in Australia (Lips, 1998; Alexander & Eischeid, 
2001; Germano & Bishop, 2009).  
Sites with less favourable abiotic and biotic environmental conditions for the species is the 
most common reason for translocation failure (Germano & Bishop, 2009). Therefore, any new 
area that L. raniformis are introduced to needs to be thoroughly research-based in terms of 
available site features. Compiling research on site use and occupancy for this species and 
ensuring that all site requirements for all life-history stages are met is necessary. Research on 
the sites occupied by successful New Zealand populations, such as the present study, is 
beneficial to ensuring that the best possible sites can be created. Further research may be 
required to fill in any gaps, and investigation on successful populations local to the proposed 
translocation area may also be beneficial. However, beginning work on site occupancy and 
use is an important first step to the success of possible future translocation trials.  
There are many other unknowns and issues related to translocating frogs from New Zealand 
to Australia. For one, the populations of frogs in New Zealand require further research to 




compare them to Australian populations in order to assess any changes in the species biology 
that could cause issues with reintroductions to Australia. Changes in the frogs' biology could 
result in many unknowns that would best be avoided in order to preserve the present population 
in Australia. This knowledge is obtained through research such as that done in the present 
study. If research proves that L. raniformis in New Zealand are not significantly different from 
the native Australian populations, translocation potential can be explored.  
There would be many logistical problems that require further research on L. raniformis if 
translocations are to be explored. For example, investigating what life-history stage reacts best 
to translocation. The intentional move of L. raniformis to New Zealand from Tasmania in the 
1800s used tadpoles and was highly successful (Pyke, 2002). Eggs or early larval stages would 
be easier to collect and transport in large numbers while also maximising genetic diversity 
(Germano & Bishop, 2009). However, early life stages may also be more susceptible to threats 
once translocated than adults or large juveniles (Haskell et al. 1996; Nelson et al. 2002; Alberts 
2007). However, due to the distance to be covered factors such as stress need to be considered. 
Even short holding periods can cause stress responses which can negatively affect an animal, 
even after its release (Moore et al. 1991; Tyrrell & Cree 1998; Lance et al. 2004). It may be 
worth investigating how the different age classes respond to translocation activity, including 
wild capture, extended captive holding, transport, and release. Another consideration to 
successful translocations is the release strategies used. The effectiveness of providing natal 
cues, soft releases and supplementary provisioning can also be investigated in New Zealand. 
Natal cues associated with positive experiences at an earlier life stage may encourage animals 
to settle better at their release site (Stamps & Swaisgood, 2007) while soft releases allow 
animals a period to acclimatise to their new environment (Griffith et al., 1989).  
There have been some small-scale translocations within Australia (Tyler, 1979). There is also 
evidence of successful translocations into artificial sites such as the wetlands and moats at 
Victoria’s Open-Range Zoo in Victoria (Pyke, 2002); as well as the Coleambally Irrigation 
Area in New South Wales (Ehmann & White, 1997; AMBS Consulting, 2000). However, there 
is also evidence of unsuccessful translocations occurring within Australia. A translocation 
reported by Koehler et al. (2014) was attempted to save a population of L. raniformis from a 
farm dam that was being filled in. A wetland was created and established. While the population 
was successfully moved and naturally colonised the nearby wetland, they failed to breed in 




the following years. Research-based methods were used to create the wetland, but it did not 
meet the needs of the frogs. The quality of the wetland’s habitat declined over the years, 
including the submerged and floating vegetation. As discussed, submerged vegetation is 
particularly essential to breeding, so while adult frogs persisted, they did not have the 
appropriate site for breeding success The wetland was also constructed adjacent to a road and 
increasingly urbanised area, which negatively impacted the frogs. Overall, it appears that site 
quality is a highly important consideration when undertaking a translocation.  
4.2.2 Captive breeding potential 
Captive breeding programmes in New Zealand are another option if translocations to Australia 
become possible. In New Zealand L. raniformis are abundant, and establishing captive 
breeding programmes would allow carefully managed, and chytrid-free frogs to be 
translocated to Australia. This higher level of control over the health status of frogs may be 
preferred over purely sourcing frogs from wild populations. Due to the high fecundity, lack of 
parental care, and the small size of L. raniformis, captive breeding would be very cost-effective 
(Bloxam & Tonge 1995). Additionally, amphibians appear to retain natural behaviours in 
captivity, unlike mammals, which makes their release from captivity easier (Bloxam & Tonge 
1995). 
4.2.3 New Zealand as a research base 
New Zealand can provide a solid scientific base for learning more about L. raniformis biology 
and ecology and how to conserve them best. If translocations between countries, and perhaps 
captive breeding programmes are deemed inappropriate for L. raniformis in New Zealand, 
information about wild populations can still be obtained through research. The Australian 
National Recovery Plan sets out to trial translocations within Australia, as well as the creation 
of artificial sites for L. raniformis (Clemann & Gillispie, 2012). However, as the only 
regulations or permitting necessary for research on L. raniformis in New Zealand is animal 
ethics (Bishop, 2008) trialling conservation techniques is less restrictive in New Zealand, and 
would likely progress faster. Additionally, there would be no risk to the native Australia 
populations, which is a huge limiting factor to research in Australia.  
In Central Otago L. raniformis frequently occupies farmland waterbodies, and since these 
private properties are not restricted in the same way public conservation land is they could be 




even more freely modified for research trials on site creation for L. raniformis (Clemann et al., 
2013). Collaboration with landowners would allow initial steps in discovering a ‘recipe’ for 
artificial site creation for L. raniformis. For example, landowners can be advised on which 
vegetation species to introduce with existing knowledge and research on the effects of different 
habitat components can be assessed (Clemann et al., 2013). They are also free to implement 
artificial filling to prevent drying out during droughts, and fish can be removed without as 
many constraints (Clemann et al., 2013). It is also easier to manage salinity in these situations 
(Clemann et al., 2013). Private landowners should be encouraged and advised on how to best 
manage their populations of L. raniformis (Clemann et al., 2013). This kind of advice can 
enable landowners to create sanctuaries for L. raniformis in New Zealand. While also 
providing information on how site modification affects L. raniformis, on populations that 
landowners do not want to be removed. This integrated work may be necessary, through my 
own experience working with many property owners I found that almost all of them were very 
protective of ‘their’ frogs and it would be unlikely that they would allow any of them to be 
removed. Consequently, in order for these populations of frogs to be utilised, research, where 
the frogs stay in place, is necessary. However, modifying sites in an attempt to improve L. 
raniformis success would likely be well received. 
Completely human-made sites for L. raniformis can also be trialled, and populations within 
New Zealand translocated to it. The site that individuals are translocated to should be 
artificially created in a way that can be replicated in Australia. Through examining the 
literature, and potentially more studies, site features correlated with site use and occupancy by 
L. raniformis can be incorporated into the modified or artificially created site. A final result of 
this could be a site design that offers the best long-term outcome for translocated populations. 
These translocations will, however, require extensive post-release monitoring. It is also 
essential that both successful and unsuccessful projects become available to the public so that 
informed decisions can guide future research and projects (Germano & Bishop, 2009). By 
using New Zealand as a research base to discover the best methods and techniques for 
translocations, L. raniformis populations in Australia will be provided with better options for 
success.  




4.3.4 Final conclusions 
Ultimately, addressing the causes of decline for an endangered species is necessary for their 
conservation. Australia and L. raniformis are no exception, and if the species is to persist 
naturally, systemic change in the way the environment is used and converted will be required. 
If hydrological regimes continue to be altered for human use, and if natural sites continues to 
be destroyed to make way for urban and industrial development, then no amount of 
conservation will be able to protect the native wild populations of L. raniformis. 
Translocations and captive breeding of declining populations are extreme measures to protect 
a species, they come with many pitfalls and should, therefore, be a last resort. However, L. 
raniformis is in an interesting position, it is endangered in Australia, but flourishing in New 
Zealand. Translocations from New Zealand to Australia would not currently be possible with 
current legislation, nor may they be the best choice. However, the native declining populations 
can still benefit from New Zealand's populations. By improving knowledge on the biology and 
ecology of the species, conservations efforts become more informed. Additionally, research 
on site use and translocation methods can be performed within New Zealand to then be applied 
in Australia, with no risk to native individuals. While the current Endangered status of L. 
raniformis is grim, there is hope that with improvements in conserving their native habitat, 
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Appendix 1: Are Litoria raniformis attracted to the calls of Litoria 
ewingii – a possible novel predator-prey interaction? 
A1.1 Introduction 
Human mediated introduction of animals into non-native environments are typically 
unsuccessful (Williamson, 1996). The ability of a species to successfully adapt to a novel 
environment is dependent on the plasticity of their behaviour, and the more flexible a species 
is, the better it can survive and reproduce (Sol et al., 2002). Behavioural flexibility or plasticity 
is when a species can respond relatively swiftly to changes in their environment through 
learning, cognition, and rapid adjustment to new conditions (Sol & Lefebvre, 2000).  New 
Zealand is an example of a country where introductions of non-native animals have been very 
successful, and in some cases, detrimental to native New Zealand species (Sol & Lefebvre, 
2000). However, the many introductions to New Zealand demonstrate the significance of the 
species’ behavioural flexibility on its invasion success (Sol & Lefebvre, 2000). 
A behavioural change that has been observed in anurans is seen in changes to advertisement 
calls, which are often necessary for breeding success and are also frequently loud, repeated, 
and therefore conspicuous to predators. Anurans have demonstrated behavioural plasticity by 
altering their acoustic communication in response to changing environments (Vargas-Salinas 
& Amézquita, 2013) and predators (Kiesecker & Blaustein, 1997; Egea-Serrano et al., 2014). 
However, behavioural plasticity also allows anurans to take advantage of the sounds produced 
by other anurans and thus become the predator through tracking acoustic signals (Jaeger, 1976; 
Smith, 1977).  
This behaviour is unusual, but one such example of where this is possible is in the frogs L. 
raniformis and L. ewingii. These two frogs are sympatric throughout their native range in 
south-eastern Australia and Tasmania, as well as in many parts of New Zealand (Barker et al., 
1995; Thomson, 1922). Litoria raniformis nocturnally predates on a variety of terrestrial and 
aquatic invertebrates, as well as some small vertebrates (Pyke, 2002) and by using either an 
ambush or sit-and-wait method (Miehs, & Pyke 2001). Moreover, observations of L. 
raniformis predating on L. ewingii have been observed in New Zealand (Hay, 1994; Mace, 
2005). Due to their sympatric distribution and the predatory nature of L. raniformis, they are 
likely a voracious predator of L. ewingii.  





As for the development of using acoustic cues for predation, these frogs were introduced to 
New Zealand from Australia, where the acoustic soundscape is very different. South-eastern 
Australia is occupied by many loud calling species of frog, which makes the acoustic 
soundscape very complex (Barker et al., 1995). Therefore, it is unlikely that through the noise 
of other frogs a predatory frog such as L. raniformis would be able to acoustically locate a frog 
species it could predate on, such as L. ewingii. However, perhaps a shift to a new, quieter 
environment would allow this unusual predator-prey interaction to develop in L. raniformis. 
As Litoria ewingii is the only other frog species present throughout most of the range of L. 
raniformis in Central Otago, there is little interference with their advertisement calls, making 
prey detection using acoustic cues easier. Additionally, the physiology is present that would 
allow this interaction to take place. Litoria raniformis has an unusually broad auditory tuning 
range (Loftus-Hills, 1973). The upper end of this range overlaps with part of the advertisement 
call range of L. ewingii (Loftus-Hills, 1973; Hay, 1994).  
In Australia, it is unknown whether this behaviour is present. However, field studies can be 
first trialled in New Zealand, where the behaviour is more likely due to less acoustic 
interference from other frog species. Moreover, L. raniformis was introduced to New Zealand 
over 150 years ago, which has likely been enough time for this species to develop behaviour 
to take advantage of the New Zealand acoustic soundscape (Yom-Tov & Geffen, 2011). This 
study aimed to determine whether L. raniformis in Central Otago could use acoustic cues alone 
to orient themselves towards L. ewingii advertisement calls. I predicted that based on the 
physiology of L. raniformis, its normal predation of L. ewingii, and the absence of other calling 














All sites in this experiment were in Central Otago, New Zealand. The social media site 
Facebook was the primary tool used to gather citizen knowledge of the specific locations of 
L. raniformis populations. A message posted in numerous groups over August and September 
2018 requested information of known ponds occupied by L. raniformis, either on public or 
private land. Targeted groups were community buy/sell/trade groups dedicated to Central 
Otago, or specific regions within Central Otago. The media posts helped identify the five sites 
used in this experiment. Litoria raniformis and L. ewingii were confirmed to be present at all 
the sites used. 
This experiment was set up before dusk. I used six ponds at five different sites. I ran each of 
the three setups over eleven nights from the 19/1/19 until the 30/1/19 for approximately 3 
hours from 10:30 pm – 1:30 am at the five different sites. I recorded each pond twice, except 
for the site with two ponds, where I instead recorded each pond once. Each run of the 
experiment involved three camera-speaker setups and totalled 33 hours of recording per 
camera.  Firstly, I located an area that was clear of vegetation and within five meters of the 
water's edge. Due to small, or oddly shaped waterbodies, steep banks, and/or thick fringing 
vegetation, the setups were not able to be placed at consistent distances across all sites. 
However, efforts were made to place the setups as far from each other as possible to avoid 
them interfering with one another.  
Each setup consisted of a beige cotton sheet (2 m x 1.5 m), a speaker (Tivoli Pal radio speaker) 
or dummy speaker and mp3 player (Necessities brand 8GB Media player), and a tripod with a 
trail camera (Reconyx Hyperfire 2 Covert Camera) attached. The beige sheet was placed flat 
on the ground. This sheet allowed better contrast with animals than the ground would, which 
gave the cameras a higher motion detection ability. I checked the grass for frogs and then 
flattened it down as much as possible to create a solid surface for the sheet. I also weighed 
down the edges of the sheet with rocks to prevent frogs from going underneath. I then placed 
the tripod behind the sheet, with the camera pointed down to get as close to a birds-eye view 
as possible. The ‘ewingii’ and ‘white noise’ setups each consisted of a speaker, connected to 
the Mp3 player; these would play either an L. ewingii call, or white noise. The L. ewingii call 
would play for nine seconds, followed by nine seconds of silence; this was a ‘cold’ call of an 





L. ewingii. During colder temperatures, calls are slower than those in warmer temperatures, 
such as in Australia. The call was recorded in Central Otago and is representative of the slower 
calls in this region. The ‘white noise’ setup would play a white noise recording at the same 
nine-second intervals. I played the L. ewingii call and white noise stimuli at a sound pressure 
level of 95 dB at 0.5 m based on findings from Mace (2005). The final setup was a control, 
which used a silent dummy speaker; all other components were the same. All setups used 
Reconyx trail cameras which were set to take a photo every time a movement was detected. 
These trail cameras use both motion detection and infrared, while the infrared would not 




























On several nights nothing was detected approaching the speakers, therefore only the observed 
interactions are presented below. All the sites that this experiment was performed at were 
privately owned, therefore, for confidentiality reasons the site locations are not given. 
 
A1.3.1 Night three 
On the night of the 21/1/19 at 12:04 am, a ferret (Mustela putorius furo) examined the white 
noise speaker from a distance for a few seconds (Figure 4.1). Twenty minutes later at 12:24 
am a ferret approaches the same white noise speaker and spends a little under a minute 
thoroughly investigating it from all sides (Figure 4.2). It is not possible to tell whether this was 
the same or a different ferret. They appear to be of similar sizes with no distinguishing features. 
During this evening, no other animal activity was recorded.  
 
Figure A1. 1. A ferret briefly examining the white noise speaker 
 
Figure A1. 2. A ferret thoroughly investigating the white noise speaker for close to a minute 





A1.3.2 Night four 
On the night of the 22/1/19 at 10:13 pm a L. raniformis appeared underneath the sheet upon 
which the speaker was placed broadcasting an L. ewingii call. This event occurred during 
camera setup while experimenters were orientating the camera, and retrieving rocks to weigh 
down the sheet. The head of the frog can be seen emerging from the sheet, circled in red 
(Figure 4.3). The area was searched prior to the sheet being laid down, and therefore it is 
probable that the frog got under the sheet after this. I released this frog back into the pond to 
continue setup. During retrieval of the setups at 1:30 am I found an adult L. raniformis perched 
by the control camera, just out of the camera's view. However, no activity near the speaker 
was detected by the cameras for the entirety of the night. 
 
Figure A1. 3. During setup, an L. raniformis approaches the speaker playing L. ewingii calls but enters 
underneath the sheet. 
A1.3.3 Night six 
On the night of the 24/1/19 at 10:45 pm, a hedgehog (Erinaceus europaeus) approached the 
white noise setup and fell onto its back (Figure 4.4). After two minutes it righted itself and 
moved out of the camera's view. Ten minutes later, at 10:55 pm, a hedgehog walked around 
the left side of the white noise setup before looking directly at the front part of the speaker 
before carrying on (Figure 4.5). At 11:10 pm a hedgehog approached the dummy setup for a 
few seconds but did not thoroughly investigate it (Figure 4.6). At 12:34 am the camera picked 
up a single photo of a very small L. ewingii to one side of the speaker at the L. ewingii call 
setup, as seen circled in red (Figure 4.7). At 1:30 am during pick up a very small L. ewingii 
was found sitting directly on top of the L. ewingii speaker. No other activity was recorded this 
night. 






Figure A1. 4. A hedgehog at the white noise setup which fell onto its back for about two minutes. Eventually, 
it righted itself and left the camera view. 
 
Figure A1. 5. A hedgehog at the white noise setup. 
 
Figure A1. 6. A hedgehog at the control setup comes around the back of the speaker but does not investigate it 
closer 






Figure A1. 7. A very small L. ewingii (circled in red) at the L. ewingii call setup. An L. ewingii was also found 
on top of this speaker an hour later during collection. 
 
A2.3.4 Night eleven 
The last activity recorded in this experiment was on the 30/1/19 at 12:55 am. A rat (rattus spp) 
running past the control speaker stopped to look on the top before carrying on in the same 
direction it came. 
 
 
Figure A1. 8. A rat moving past the control speaker stops to thoroughly investigate it before continuing on the 











Across six sites, and 33 hours of L. ewingii playback to ponds where L. raniformis was 
abundant this study found no evidence that L. raniformis uses acoustic cues as a method to 
find and predate on L. ewingii. Nonetheless, this study did find an abundance of invasive 
mammalian predators in and around L. raniformis populations. These potential predators 
included ferrets, hedgehogs, and rats. Interestingly, there were more observations of these 
mammals engaging with the white noise control (four observations) and the dummy control 
(two observations) over the L. ewingii stimuli (no observations). Nonetheless, at the L. ewingii 
stimuli a juvenile L. ewingii as well as an adult L. raniformis were observed. However, the L. 
raniformis observation was probably not in response to the broadcast signal. The stimulus 
setup was not finished, and the frog had to be removed due to human interference. Therefore, 
its movements could not be tracked to observe whether it was acoustically locating the 
stimulus.   
A past study by Mace (2005) concluded that L. raniformis conformed to predictable patterns 
of behaviour associated with an acoustic signal localisation. This conclusion was made after 
twelve hours worth of stimuli playback revealed two out of the three L. raniformis observed 
performed this acoustic signal localisation behaviour. These two frogs were observed several 
times re-orientating themselves to face the speaker, and an instance of a frog leaping towards 
the speaker, all during or immediately after (<1s) a stimulus ewingii call. 
In conclusion, it seems unlikely from the results of the present study that L. raniformis actively 
uses acoustic cues to locate L. ewingii. Instead L. raniformis likely predominantly predates on 
the more abundant terrestrial and aquatic invertebrates present at their water bodies and 
opportunistically predates on L. ewingii. However, using acoustics to locate anurans has been 
observed in other anuran species (Jaeger, 1976; Smith, 1977) and has occurred in an 
experimental setup in L. raniformis (Mace, 2005). This acoustic cue experiment using L. 
raniformis and L. ewingii would benefit from trials using more sophisticated equipment. 
Despite efforts to use correct call speeds and decibel level, there may be discrepancies between 
the calls of L. ewingii over speaker systems compared to live calls. 
 





Appendix 2: Ten months of air and water temperatures at 
occupied Litoria raniformis sites in New Zealand 
 
The following tables show ten months of water and air temperatures at seven sites across 
Central Otago that were occupied by L. raniformis during the summer of 2018/19. All data 
loggers were placed at the exact location where frogs were observed. 
 
Some temperature values are missing; this is due to large fluctuations in water level. These 
fluctuations were greater than expected, and occasionally the water loggers became uncovered. 
Another data logger malfunctioned, and its results are unreliable and therefore not included. 
 
 
Table A2. 1. Monthly water and air temperature minimum, average, and maximum (°C) for site NZ-W-1 
occupied by Litoria raniformis in Central Otago 
  Water    Air  












2018       
Dec 11.7 15.1 34.2 6.8 20.2 47.7 
2019       
Jan 12.8 16.4 20.6 2.8 21.6 50.4 
Feb 11.9 16.5 20.3 2.7 20.4 47.8 
Mar 11.1 15.5 19.0 3.5 19.6 48.7 
Apr 8.3 11.1 14.8 -0.8 11.4 42.8 
May 6.8 9.2 11.4 -0.8 9.5 38.5 
Jun 4.3 6.3 9.0 -3.8 4.6 28.8 
Jul 4.4 7.0 9.8 -2.9 6.2 30.5 
Aug 4.8 7.7 11.6 -3.4 6.7 29.6 
Sep 6.9 10.3 14.5 -3.7 10.5 35.6 
Oct 8.4 11.7 16.6 -1.7 12.3 38.3 
  
 





Table A2. 2. Monthly water and air temperature minimum, average, and maximum (°C) for site NZ-W-2 
occupied by Litoria raniformis in Central Otago. Some data is missing. 
  Water    Air  












2018       
Dec 13.6 15.0 29.0 NA NA NA 
2019       
Jan 13.3 16.1 21.1 5.6 20.0 44.6 
Feb 12.0 16.6 21.4 2.6 18.3 43.1 
Mar 11.4 15.6 22.4 -0.3 12.4 44.6 
Apr 7.6 10.1 14.6 -0.5 8.8 34.4 
May 5.3 7.9 10.1 -3.8 5.4 23.4 
Jun 3.0 5.1 8.1 -3.9 4.1 24.8 
Jul 3.6 5.2 6.9 -4.6 4.8 21.4 
Aug 4.2 5.4 7.2 -3.4 8.6 30.3 
Sep 5.6 7.9 11.6 -2.4 11.3 31.7 
Oct 7.9 10.4 15.1 6.0 14.7 20.2 
 
 
Table A2. 3. Monthly water and air temperature minimum, average, and maximum (°C) for site NZ-W-3 
occupied by Litoria raniformis in Central Otago 
  Water    Air  












2018       
Dec 11.7 17.2 29.9 14.4 17.1 30.5 
2019       
Jan 7.5 17.5 47.8 11.1 16.7 22.0 
Feb 3.3 15.7 26.8 10.5 16.4 23.0 
Mar 4.5 15.4 27.9 10.4 16.1 21.7 
Apr 1.7 9.5 17.9 6.7 11.0 17.0 
May 0.9 8.2 15.7 5.7 8.8 12.1 
Jun -2.1 4.7 11.3 2.7 5.6 8.6 
Jul -1.2 5.8 24.0 3.3 6.2 8.7 
Aug -2.7 6.9 30.1 3.7 6.8 11.0 
Sep -2.2 10.3 38.1 5.9 9.8 14.3 
Oct 0.5 10.6 30.2 8.2 11.7 16.3 
 
 





Table A2. 4. Monthly water and air temperature minimum, average, and maximum (°C) for site NZ-W-4 
occupied by Litoria raniformis in Central Otago. Some data is missing.
 
  Water    Air  












2018       
Dec 17.1 21.8 31.4 7.5 20.2 42.0 
2019       
Jan 15.4 21.8 28.1 3.7 21.2 41.7 
Feb NA NA NA 2.1 19.9 41.7 
Mar NA NA NA 3.5 19.7 42.4 
Apr 8.5 12.3 17.9 -0.4 12.9 37.2 
May 6.2 8.8 12.1 -0.7 10.6 35.4 
Jun 3.5 6.4 9.2 -3.4 6.1 30.0 
Jul 4.1 6.5 10.1 -2.4 7.0 36.0 
Aug 4.5 7.1 11.8 -3.9 8.2 40.8 
Sep 4.0 11.0 29.6 -3.2 12.2 44.7 
Oct 0.1 13.4 34.7 -1.2 13.8 44.5 
 
Table A2. 5. Monthly water and air temperature minimum, average, and maximum (°C) for site NZ-Q-1  
occupied by Litoria raniformis in Central Otago.  Some data is missing
  Water    Air  












2018       
Dec 13.1 18.3 28.0 6.5 18.3 38.7 
2019       
Jan 15.3 20.5 26.2 3.0 20.0 40.6 
Feb 14.3 19.9 24.9 2.0 19.2 42.2 
Mar 13.4 18.3 24.3 3.0 18.9 47.0 
Apr 7.3 11.9 17.9 -1.6 12.2 39.4 
May 5.0 8.2 11.3 -1.9 10.3 34.3 
Jun 1.0 4.3 8.1 -4.9 5.1 29.4 
Jul 1.4 4.3 7.5 -4.3 7.1 28.7 
Aug NA NA NA -4.7 7.6 29.6 
Sep NA NA NA -4.5 10.5 32.9 










Table A2. 6. Monthly water and air temperature minimum, average, and maximum (°C) for site NZ-Q-2 
occupied by Litoria raniformis in Central Otago. Some data is missing. 
  Water    Air  












2018       
Dec 16.8 19.9 27.5 6.3 19.8 39.5 
2019       
Jan 15.7 19.5 25.3 1.9 20.7 41.7 
Feb 17.5 20.6 26.4 -0.2 19.2 41.4 
Mar NA NA  NA 1.8 19.1 40.5 
Apr NA NA NA -3.1 12.0 33.9 
May 6.3 8.9 12.6 -2.2 10.5 31.1 
Jun 2.4 5.1 7.9 -5.0 5.3 27.0 
Jul 2.9 5.1 8.1 -4.9 7.0 29.0 
Aug 2.8 5.6 9.9 -5.9 7.4 27.8 
Sep 5.9 9.0 13.6 -4.4 10.5 30.1 
Oct 9.0 11.6 18.7 -1.7 11.8 32.3 
 
Table A2. 7. Monthly air temperature minimum, average, and maximum (°C) for site NZ-Q-3 occupied by 
Litoria raniformis in Central Otago. 
   Air  






2018    
Dec 6.0 18.1 41.6 
2019    
Jan 2.4 19.8 48.7 
Feb 1.4 18.5 47.5 
Mar 2.5 18.1 48.8 
Apr -1.7 10.7 39.3 
May -1.9 8.8 31.3 
Jun -4.8 3.8 22.4 
Jul -4.2 5.7 22.1 
Aug -4.6 6.4 31.1 
Sep -4.0 9.8 36.9 
Oct -2.7 12.0 40.3 
 
